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Problem Statement:  Many studies have supported the benefits of home blood pressure 
monitoring (HBPM) and telemonitoring in improving hypertension awareness and 
control. However, little was known about the use of HBPM and telemonitoring by 
hypertensive patients in the Republic of Trinidad and Tobago. 
Methods and Design:  A six-month prospective observational study using HBPM and 
telemonitoring was conducted on hypertensive patients in two public sector health centres 
in the Republic of Trinidad and Tobago.  Newly diagnosed and poorly controlled adult 
patients were eligible for enrollment if they spoke English and were willing to participate 
in HBPM and telemonitoring.  All enrolled patients received the HBPM and 
telemonitoring intervention and were given a blood pressure goal based on the presence 
or absence of diabetes.  The primary endpoint was change in mean arterial pressure 
(MAP) between baseline and the six-month follow-up point.  Patients who provided 
blood pressure readings at baseline, three-month and six-month visits were included in 
the analysis. 
Results: A total of 171 patients were screened, 157 completed the baseline visit and 118 
ultimately engaged in HBPM and telemonitoring for a six-month study period.  Of the 
118 final participants, 96% expressed a preference for the home monitoring vs traditional 
management, 87% successfully transmitted their HBPM results via telemonitoring more 
than once a month and 70% showed a reduction in MAP.  Mean systolic blood pressure 
decreased by 9.2 mm Hg (95% CI 5.4-12.9), mean diastolic blood pressure decreased by 
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6.9 mm Hg (95% CI 4.4-9.4) and MAP decreased by 7.7 mm Hg (95% CI 4.9-10.4; 
p=0.0000) from baseline to the six-month visit. 
Conclusion: Home blood pressure monitoring and telemonitoring can be effectively 
utilized in the Republic of Trinidad and Tobago public sector primary care setting to 
improve hypertension management.  Ministry of Health officials and primary care 
providers should strongly consider promoting these technologies.  Follow-up studies with 
larger sample size and randomized study design should be conducted to validate these 
non-randomized feasibility study findings and gain further insight about the 
generalizability of these findings across the Republic of Trinidad and Tobago and other 
Caribbean nations. 
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PROBLEM AND PUBLIC HEALTH SIGNIFICANCE 
Background 
The Republic of Trinidad and Tobago is an English speaking twin-island Caribbean 
nation located just off the coast of South America / Venezuela with a population of 1.2 
million.  Trinidad is the larger of the two islands, comprising 95% of the nation’s total 
1,980 square miles, which is roughly the size of Delaware.  The country has a strong 
economy, based largely on the petro-chemical industry, and a solid infrastructure 
including clean water, sanitation systems, power grid, and education system.  The 
government has established a public health system that is free at the point of service and 
offers all of its citizens access to basic healthcare including physician services, diagnostic 
testing, procedures / surgeries and standard medications.  The country also has a private 
fee-for-service healthcare system used by individuals who possess the financial resources 
needed to gain access but a majority of citizenry lack these financial resources and are 
fully dependent upon the public health system.  The public health system has clear 
strengths including a focus on universal coverage, a broad network of public health 
centres that provide chronic disease management services and a large team of dedicated 
healthcare providers committed to improving the health of their fellow citizens.  The 
public health system also has some clear weaknesses or challenges including limited 
resources: physical infrastructure (clinic space, inpatient beds, lab facilities, etc.), human 
resources (physicians, nurses, technologists, etc.), equipment and supplies (diagnostic 
testing equipment, computer systems, medical supplies, etc.), limited deployment of new 
technologies and challenging patients who are often unaware of the seriousness of their 
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health condition, and less than fully compliant with healthy lifestyle and medical 
recommendations.  Despite the strengths of the public health system and the commitment 
of its healthcare providers, hypertension is often poorly controlled and cardiovascular and 
cerebrovascular mortality rates are high.   
Statement of Problem 
Many studies have supported the benefits of HBPM and telemonitoring demonstrating 
improved hypertension awareness and control. However, little is known about the use of 
HBPM and telemonitoring by hypertensive patients in the Republic of Trinidad and 
Tobago, where hypertension frequently goes unmonitored and, when monitored, 
treatment strategies often fail to effectively manage blood pressure and thus reduce the 
risk of cardiovascular and cerebrovascular disease. 
Public Health Significance 
The 2008 WHO - Global Burden of Disease Report (2008a) attributes more than 9.4 
million deaths each year to high blood pressure, making high blood pressure the largest 
mortality risk factor world-wide.  The World Health Organization (WHO) Global Health 
Estimates for 2000-2010 lists cardiovascular diseases as the leading causes of death 
world-wide, accounting for over 31% of all deaths (World Health Organization, 2014).  
Both WHO reports also note how poorly controlled blood pressure and other 
cardiovascular risk factors contribute to the significant burden of chronic diseases in 
general and that this burden is widely distributed across the globe including both 
developing and developed countries.  The Central Statistical Office and the Ministry of 
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Health of Trinidad and Tobago report that this global problem is a significant concern for 
the people of Trinidad and Tobago.  The 2008 Vital Statistics, Deaths by Cause, Sex and 
Area of Residence table lists diseases of the circulatory system as the leading cause of 
death for both men and women, accounting for 31% of deaths in males, 35% of deaths in 
females and 33% of total deaths.  The Trinidad and Tobago Chronic Non-Communicable 
Disease Risk Factor Survey – Pan American STEPS Final Report 2012 indicated that 
34.1% of survey respondents aged 55-64 had been diagnosed with raised blood pressure 
or hypertension within the past twelve months.  In summary, high blood pressure is of 
growing significance as a public health concern in the Republic of Trinidad and Tobago 
and many other developing nations.  In addition, there are now available well-established 
treatment strategies which have the potential to improve blood pressure management 
while enhancing the impact of the limited resources available in the public health centres 
of Trinidad and Tobago.  All of these reasons make this an important area for research.  
Demonstrating the successful implementation of proven disease management strategies 
from high per capita income nations in the environment of Trinidad’s public health 
centres could have a significant impact for the Republic of Trinidad and Tobago as well 
as other developing nations which are facing similar challenges. 
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LITERATURE REVIEW AND CONCEPTUAL FRAMEWORK 
Prevention and Management of Chronic Diseases 
Much is known about hypertension management.  Professional societies across the globe 
have reviewed the science and issued detailed treatment recommendations in the form of 
guidelines for the detection, evaluation and management of high blood pressure.  There is 
also a wealth of published information regarding effective management models and tools 
that can be used to improve outcomes.  Advances in medical and public health practices 
over the last century have improved both the treatment of medical conditions and the 
understanding of how to intervene in the environment to promote healthy conditions.  
While the advancements have been numerous and the collective impact immeasurable in 
terms of lives saved, many challenges remain.  Today the leading challenges are centered 
on the prevention and management of chronic diseases.  Yach et al. (2004) reviewed the 
World Health Report 2003 and noted chronic diseases were the leading cause of death 
globally with cardiovascular diseases accounting for the most deaths in 2002 (17 million) 
followed by cancer (7 million), chronic lung diseases (4 million) and diabetes mellitus 
(almost 1 million).  They also noted that the global prevalence of chronic diseases was 
increasing, with the majority of the increase coming from developing countries where 
cardiovascular disease is already the leading cause of death. 
The American Heart Association (AHA) and the American Diabetes Association (ADA) 
have come together to stress the need to control risk factors that impact on multiple 
diseases.  Eckel et al. (2006) summarized the “Call to Action” which strongly 
recommended that all providers assess patients for their global risk of CVD and diabetes 
including fasting/postprandial hyperglycemia, overweight/obesity, elevated systolic and 
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diastolic blood pressure and dyslipidemia.  They also remind us that in the early stages of 
these conditions lifestyle modification with attention to weight loss and physical activity 
may well be sufficient for maintaining good health.  
In 2005, Kearney et al. (2005) examined global data, focusing on the prevalence of high 
blood pressure.  They defined hypertension as an average systolic blood pressure 140 mm 
Hg or greater, diastolic blood pressure 90 mm Hg or greater or use of antihypertensive 
medication, and reported that 26.4% of the world’s adult population had hypertension in 
2000 with men having slightly higher rates than women (26.6% vs. 26.1%).  Their 
research projected that prevalence rates would increase to 29% by 2025.   
Lawes et al. (2008)  reviewed the World Health Report, 2002 and examined high blood 
pressure as a risk factor.  Using an average systolic blood pressure greater or equal to 115 
mm Hg to define elevated blood pressure, the authors estimated 7.6 million premature 
deaths and 92 million lost disability adjusted life years (DALY) were directly attributable 
to elevated blood pressure.  Their research indicated that about half this burden was borne 
by people with hypertension and the other half by people with a lesser degree of high 
blood pressure.  The research also indicated that about 80% of the global burden was in 
developing economies, dispelling the myth that high blood pressure is solely a problem of 
developed nations. 
High Blood Pressure and Ethnicity 
Having established that chronic diseases in general and high blood pressure specifically 
result in a significant global burden and a major challenge for developing nations, we 
examine specific variables that impact on the prevention and management of high blood 
pressure.  Cherry D et al. (2008) through the U.S. Department of Health and Human 
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Services’ National Ambulatory Medical Care Survey reported that 27.9% of all adult 
physician office visits were for hypertension, far more than for any other condition.   
Ostchega et al. (2008) examined data from the National Health and Nutrition 
Examination Survey (NHANES) and reported ethnic disparities in awareness, treatment 
and control of hypertension in a U.S.-based population.  The NHANES group reported 
that 29% of the U.S. population over 18 were hypertensive, defining hypertension as 
average systolic blood pressure 140 mm Hg or greater, diastolic blood pressure 90 mm 
Hg or greater or use of antihypertensive medication.  The investigators noted that 
hypertension prevalence was significantly higher among non-Hispanic blacks vs. non-
Hispanic whites and Mexican Americans, which highlights the impact of ethnic and/or 
cultural differences within populations.   
National Center for Health Statistics, Health, United States, (2009) estimates the 
prevalence of hypertension in the African American population to be 38.8% for males 
and 42.8% for females.  The same report also indicates increased prevalence with age 
(males: 20-34=9.2%, 35-44=21.1%, 45-54=36.2%, 55-64=50.2%, 65-74=64.1% and 75-
greater=65%); (females: 20-34=2.2%, 35-44=12.6%, 45-54=36.2%, 55-64=54.4%, 65-
74=70.8% and 75-greater=80.2%).  Cruickshank et al. (2001) examined four different 
African-origin groups (rural and urban Cameroon, Jamaica and Manchester Britain) and 
noted lower prevalence of hypertension in rural Cameroon than other African-ancestry 
populations and ethnic differences similar to the United States, i.e., higher prevalence of 
hypertension in African-Britains than in whites.   
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Cardiovascular Disease in Trinidad and Tobago 
Gulliford et al. (1996) examined the Trinidad and Tobago population and noted an 
epidemiological transition in the years from 1953 through 1992.  In this period, the 
percentage of total deaths from cardiovascular diseases increased from 29% of all deaths 
to 54%.  In the same period, the percentage of deaths from diabetes mellitus, an 
independent cardiovascular risk factor, increased from 2% to 12%.  While the accuracy 
of disease-specific death certificate information over such a long time period may be 
somewhat questionable, the general trends of increased chronic disease mortality are 
undeniable.   
The more recent report, Health Systems Profile – Trinidad and Tobago, from the Health 
Systems and Services Area of the Pan American Health Organization / World Health 
Organization (2008b) indicates that mortality rates from cardiovascular diseases have 
leveled out at 2.8 deaths per 1,000 population, or approximately 37% of total deaths.  
Cardiovascular deaths, however, still account for more mortality than cancer, external 
causes, communicable diseases, HIV/AIDS, and tuberculosis combined.   
Miller et al. (1996) prospectively studied the Trinidadian population from 1977 through 
1985 in the St. James survey.  They classified the population into three categories 
(African descent, Indian descent and Other descent) based on ancestry of the subject’s 
grandparents, and failed to find differences in the incidence of hypertension by ethnicity.   
Mahabir and Gulliford (1999) evaluated the quality of blood pressure management in the 
government primary care health centres in Trinidad and Tobago from 1994 through 1998.  
While they noted an increase in the documentation of lifestyle management counseling 
(dietary advice and exercise advice) and an increase in standard medical therapy (use of 
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diuretics, beta-blockers, calcium antagonists and ACE inhibitors), the percentage of 
patients well controlled (percent of cases with BP less than or equal to 140/90 remained 
exceptionally low (15% in 1994 vs. 13% in 1998).   
In 1998, Mahabir and Gulliford along with Bickram (1998) also examined hospital 
admissions for acute stroke in Trinidad and Tobago.  Overall, the age-standardized acute 
stroke admission rates were higher for patients of Indian descent than those of African 
descent.  They reported that 29% of acute stroke admissions resulted in fatality and 
another 56% resulted in severe disability.  These concerning figures omitted the stroke 
patients who died before they could be transported to the hospital.  Of those admitted 
with acute stroke, the majority (66%) of the patients reported physician diagnosed 
hypertension, yet 56% of these patients were not receiving any anti-hypertension therapy 
at the time of admission.   
A recent report from the Caribbean Community and Common Market (CARICOM) on 
Chronic Non-Communicable Diseases (CNCDs) (2011) reported that the indirect costs 
associated with the morbidity and mortality of hypertension can be three to four times as 
high as the direct cost of treatment (hospitalization, physician visits, drugs and diagnostic 
testing).  The same report indicated hypertension’s combined direct and indirect costs can 
approach 3% of gross domestic product (GDP) for Barbados and Jamaica, Caribbean 
countries similar to Trinidad and Tobago.   
Management Guidelines for High Blood Pressure 
The literature is rich with information about treatment strategies and approaches to 
management of patients with high blood pressure.  Hundreds of studies have contributed 
to the body of knowledge which teams of experts use to create national and regional 
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guidelines.  Of note, the management of high blood pressure as a medical condition, 
unlike some other areas of cardiovascular disease, is consistent with a population-based 
prevention strategy and the WHO’s recommended priorities.  The WHO’s publication 
Integrated Management of Cardiovascular Risk (2002) points out the wisdom of focusing 
on the underlying risks of a population: “Epidemiological theory indicates that, compared 
with intensive individual treatment of high-risk patients, small improvements in the 
overall distribution of risk in a population will yield larger gains in diseases reduction, 
when the underlying conditions that confer risk are widespread in the population.”    
In the United States, the National Heart, Lung, and Blood Institute (NHLBI) coordinated 
the National High Blood Pressure Education Program (NHBPEP) in which thirty-nine 
major professional, public, and volunteer agencies came together with federal agencies 
(12/03) to produce the “Seventh Report of the Joint National Committee on Prevention, 
Detection, Evaluation and Treatment of High Blood Pressure” (2004).  This report uses a 
classification system in which blood pressures fall into one of four categories, using both 
systolic blood pressure (SBP) and diastolic blood pressure (DBP): “Normal” (SBP <120 
& DBP <80), “Prehypertension” (SBP 120-139 & DBP 80-89), “Stage 1 Hypertension 
(SBP 140-159 & DBP 90-99), and “Stage 2 Hypertension (SBP ≥160 & DBP ≥100).  The 
report also stresses the following key messages. 
• In persons older than 50 years, systolic blood pressure greater than 140 mm Hg is 
a much more important cardiovascular disease (CVD) risk factor than diastolic 
blood pressure. 
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• The risk of CVD beginning at 115/75 mm Hg doubles with each increase of 20/10 
mm Hg: individuals who are normotensive at age 55 have a 90 percent lifetime 
risk of developing hypertension. 
• Individuals with systolic blood pressure of 120-139 mm Hg or a diastolic blood 
pressure 80-89 mm Hg should be considered as pre-hypertensive and require 
health-promoting lifestyle modifications to prevent CVD. 
• Thiazide-type diuretics should be used in drug treatment for most patients with 
uncomplicated hypertension, either alone or combined with drugs from other 
classes.  Certain high-risk conditions are compelling indications for the initial use 
of other antihypertensive drug classes (angiotensin converting enzyme inhibitors, 
angiotensin receptor blockers, beta-blockers, calcium channel blockers). 
• Most patients with hypertension will require two or more antihypertensive 
medications to achieve goal blood pressure (<140/90 mm Hg, or <130/80 mm Hg 
for patients with diabetes or chronic kidney disease). 
• If blood pressure is >20/10 mm Hg above goal blood pressure, consideration 
should be given to initiating therapy with two agents, one of which usually should 
be a thiazide-type diuretic. 
• The most effective therapy prescribed by the most careful clinician will control 
hypertension only if patients are motivated.  Motivation improves when patients 
have positive experiences with, and trust in, the clinician.  Empathy builds trust 
and is a potent motivator. 
• In presenting these guidelines, the committee recognizes that the responsible 
physician’s judgment remains paramount.  
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Similar guidelines have been created by many regions and countries around the world.  
The British Hypertension Society, for example, issued revised guidelines in 2004 (BHS-
IV).  The review from Williams et al. (2004) shows that while they use a more complex 
classification scheme with three categories of normal blood pressure (“Optimal”, 
“Normal” and “High Normal”), three categories of hypertension (“Grade 1/Mild”, “Grade 
2/Moderate” and “Grade 3/severe”), and two categories for isolated systolic hypertension 
(“Grade 1” and “Grade 2”), most of the treatment recommendations are the same.  Bailey 
et al. (2008) show that while hypertension control rates vary by age (81% for persons age 
15 to 39 years to only 42.1% for persons age ≥80 years), treatment plans consistent with 
guidelines, in which dose is titrated up and secondary drugs are added as needed for 
effective control, can lead to significantly improved control rates.   
Treatment Results 
Law et al. (2009) recently conducted a meta-analysis of 147 randomized trials and 
reported that for the patients that require medical intervention to control their blood 
pressure, thiazides, angiotensin converting enzyme inhibitors, angiotensin receptor 
blockers, beta-blockers and calcium channel blockers all have a similar effect on 
preventing Coronary Heart Disease (CHD) events and strokes; and that reductions of 
25% and 36% respectively can be expected with good blood pressure control.  Turnbull 
et al. (Blood Pressure Lowering Treatment Trialists Collaboration et al., 2008) note that 
‘The Blood Pressure Lowering Treatment Trialists’ Collaboration conducted a similar 
meta-analysis and reported that the benefits of blood pressure reduction are important to 
both the younger (<65 years) and older (≥65 years) populations, and that because of the 
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similar effects across drug classifications, cost and patient tolerance become important 
factors.  
While recent data on physician practice patterns in the Republic of Trinidad and Tobago 
is difficult to find, Mahabir et al. (1997) surveyed 161 providers in 1997 and noted a lack 
of consensus on clinical guideline information (threshold for treatment of high blood 
pressure and standard medication regimens), noting that preference differed for the 
different ethnic groups (African ancestry vs. Indian ancestry).  The authors also noted 
that physicians considered medication adherence, patient education, lifestyle and access 
to medications as important obstacles to blood pressure control.   
Patient Adherence to Medication Regimens 
Adherence to medication regimens has been a problem since the inception of medication.  
C. Everett Koop, MD is credited with stating the obvious when dealing with the problem 
of adherence to medication instructions: “Drugs don’t work in patients who don’t take 
them”.  Osterberg and Blaschke (2005) cited earlier research when listing the twelve 
major predictors of poor adherence in their 2005 review: 1) presence of psychological 
problems (particularly depression), 2) presence of cognitive impairment, 3) treatment of 
asymptomatic disease, 4) inadequate follow-up, 5) side effects of medication, 6) patient’s 
lack of belief in the benefits of treatment, 7) patient’s lack of insight into the illness, 8) 
poor provider – patient relationship, 9) presence of barriers to care or medications, 10) 
missed appointments, 11) complexity of treatment and 12) cost of medication.   
Jerant et al. (2008) examined the alternative self-report methods of measuring medication 
adherence and concluded there is no gold standard, noting that different measurement 
techniques tap into different behavior constructs.  DiMatteo (2004) reviewed 569 studies 
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reporting adherence to medication and noted that adherence is moderated by medical 
condition as well as demographic factors: older age, female gender, higher income and 
more education were associated with improved adherence, and the mean adherence for 
cardiovascular disease was seventy-seven percent.  Schroeder et al. (2004) conducted a 
systematic review of randomized controlled hypertension trials and concluded that 
adherence in hypertensive patients was lower, between fifty percent and seventy percent.  
The authors note that a comparison of adherence rates from one trial to the next is 
difficult because there is no common definition for adherence.  The authors also noted 
that multiple strategies to improve adherence in hypertensive patients had seen limited 
success and concluded that multi-factorial solutions are needed to overcome the multi-
variant challenges.   
Krousel-Wood et al. (2005) conducted a review of hypertension trials and came to the 
conclusion that patient-centered care and interventions tailored to the patient-specific 
barriers were critical to improve adherence.   Munger et al. (2007) also conducted a 
review and noted the variation in adherence by factors of race and ethnicity, pointing to 
several studies, NHANES III and Multi-Ethnic Study of Atherosclerosis (MESA), in 
which the rates of treated but non-controlled patients varied by ethnic group.  T. Alleyne 
et al. (2005) point out the cultural connection of Afro-Caribbean populations to low cost 
herbal remedies.  They conducted a study in the Republic of Trinidad and Tobago to 
examine the impact of coconut water and mauby, two tropical food drinks, on the control 
of hypertension.  While the study was very small, it suggests that the use of coconut 
water and mauby may help lower blood pressure, and highlights the Caribbean interest in 
herbal remedies as an alternative to modern medications.   
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Fahey et al. (2006) conducted a meta-analysis through June 2006 to examine 
interventions to improve control of blood pressure in patients with hypertension as part of 
the Cochrane Collaboration.  The authors used the following six categories to classify 
published trials: 1) self-monitoring, 2) education directed to the patient, 3) education 
directed to the healthcare professional, 4) physician-extender led care (nurse or 
pharmacist), 5) care delivery interventions and 6) appointment reminder systems.  They 
noted that an organized system of registration, recall and regular review along with a 
vigorous stepped care approach to antihypertensive drug treatment appear to be the most 
likely ways to improve control of high blood pressure.  The authors also point to the 
potential of physician-extender led care, and note that while multi-faceted interventions 
can be effective, it is difficult to determine the independent effects of any one aspect of 
care.  In a separate review article, Fahey et al. (2005) examined educational and 
organizational interventions to improve management of hypertension in a primary care 
setting and concluded that physicians need an organized system of regular follow-up to 
implement a vigorous stepped care approach when patients do not reach target blood 
pressure levels.   
Impact of Home Blood Pressure Monitoring 
The Europeans have gone beyond traditional recommendations for lifestyle changes and 
medications and issued guidelines on the use of home blood pressure monitors to aid in 
the management of hypertension.  Parati et al. (2008) summarized the European Society 
of Hypertension guidelines for blood pressure monitoring at home, a summary report of 
the Second International Consensus Conference on Home Blood Pressure Monitoring 
which deals mainly with proper methodology, clinical and therapeutic thresholds and 
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clinical applications in hypertension.  The authors provide this simple summary table of 
the advantages and limitations of home blood pressure monitoring. 
Table 1: HBPM Advantages and Limitations 
 
Pickering et al. (2006) highlight the need for physicians to access blood pressure readings 
from settings outside of the physician office in order to overcome monitoring challenges 
like “white coat syndrome” and generally improve treatment of patients with 
hypertension.  In 2008, Viera et al. (2008) examined the motivations and percentage of 
patients using home blood pressure monitors in North Carolina and noted that forty-three 
percent of hypertension patients were using home blood pressure monitors at least once a 
month and that the results of these tests were not validated or shared with their 
physicians.  Despite the potential for validation and communication challenges noted in 
the North Carolina study and elsewhere, Pickering et al. (2008) authored a call to action 
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in support of the use of home blood pressure monitors on behalf of the American Heart 
Association, American Society of Hypertension and Preventive Cardiovascular Nurses 
Association, citing the current availability of accurate, reliable, easy to use and relatively 
inexpensive monitors.  Parati et al. (2008) noted these same characteristics and provided 
detailed instructions about proper monitoring techniques when they authored the 
European Society of Hypertension guidelines for blood pressure monitoring at home.   
These endorsements of home blood pressure monitoring come after more than thirty 
years of research.  Soghikian et al. (1992) examined the impact of home blood pressure 
monitoring on hypertension care and concluded that the addition of home blood pressure 
monitors led to fewer physician visits and lower costs of care without a decrease in blood 
pressure control.  Friedman et al. (1996) examined the use of home blood pressure 
monitors along with an automated telephone system and counseling and determined that 
the system was likely to improve health outcomes and reduce health services utilization 
and cost.  Staessen et al. (2004) examined physicians using home blood pressure 
monitors as a proxy for office based monitors and noted that home monitor use was 
associated with less intensive drug treatment and lower cost.  The differences in treatment 
were thought to be associated with lower treatment rates for patients with “white coat 
syndrome”.   Marquez-Contreras et al. (2006) introduced home blood pressure monitors 
for one hundred hypertensive patients and noted that as compared to one hundred control 
group patients, the intervention group had improved medication adherence and blood 
pressure levels.  In the same year, Ogedegbe et al. (2006) reviewed the literature to-date 
and concluded that multi-factorial interventions were common and showed a positive 
impact on hypertension care.  The authors focused on medication adherence and conclude 
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that the home blood pressure monitors had an impact on medication adherence through 
both patient and physician behavior, resulting in higher levels of antihypertensive 
medication being taken thereby lowering blood pressure levels.   
Verberk et al. (2007) examined the impact of home blood pressure monitoring on 
medication levels and noted that patients using home blood pressure monitors maintained 
similar blood pressure levels while consuming less medication and saving healthcare 
dollars.  Consistent with the Staessen article from 2004, the lower levels of medication 
were assumed to be attributed to over diagnosis / over treatment in patients with some 
level of “white coat syndrome”.  Withholding medication or treating these patients with 
less intensive medication therapy is assumed to have no impact on blood pressure control 
rates.   Green et al. (2008) examined the effect of home blood pressure monitors and web 
communication with a pharmacist and noted pharmacist care management delivered 
through secure patient web communication improves blood pressure control in patients 
with hypertension.   Asayama et al. (2009) reported that evening home blood pressure 
monitoring was predictive of incidence of stroke over twelve years of follow-up for 2,234 
Japanese patients.  Scisney-Matlock et al. (2009) validated the reliability and 
reproducibility of home blood pressure measurements in hypertensive women of varying 
ages and ethnicities.  As noted earlier, the use of telephone monitoring systems can also 
be used to improve healthcare delivery and medication adherence.  Clark et al. (2007) and 
Spaeder et al. (2006) both successfully utilized this technology to improve care in heart 
failure patients. 
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Factors that Contribute to Effective Blood Pressure Control 
While it is important to learn from the efforts of previous investigators who have studied 
specific interventions, one also needs to examine the specific target patient population 
characteristics and the interaction between these patients and the healthcare providers to 
determine what will work best in the specific environment.  Fuertes et al. (2009) focused 
on the “working alliance” between patients and their physicians and noted that 
psychological and interpersonal dimensions of the medical care are related to patient 
adherence and satisfaction.  This work reinforces the earlier work of Laine et al. (1996), 
Braddock et al. (1999), and Larson et al. (2005) who respectively focused on “patient 
centered care”, “informed decision making” and “clinical empathy”.   Naik et al. (2008) 
followed this same line of research at a veterans hospital population in Texas, where the 
authors focused on the multiple factors that contribute to effective hypertension control 
including patient characteristics, self-management behavior, and communication factors.  
They reported that patient endorsement of a shared decision-making model, where 
patients proactively communicate with clinicians and clinicians use a collaborative 
communication style, has a significant impact on hypertension control.   
Hyman et al. (2001) examined the NHANES patient group to determine the 
characteristics of patients with uncontrolled hypertension and reported that the great 
majority had health insurance but lacked awareness of hypertension.  African ancestry 
patients, those older than 65 years of age, males and those who had needed to be seen by 
a physician in the preceding 12 months were also at higher risk.  Kramer et al. (2004) 
examined the hypertension control in the MESA group and concluded that hypertension 
treatment and control strategies should reflect an understanding of the differences in 
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prevalence and control rates among minority groups.  They noting that after controlling 
for socioeconomic factors, the African-American ethnicity was independently associated 
with “treated but uncontrolled hypertension” (OR 1.35; 95% CI 1.07-1.71).   
Bosworth et al. (2006) reported similar results when examining 569 patients in the 
Veterans’ Study to Improve the Control of Hypertension, noting that after controlling for 
more than twenty factors related to blood pressure control and despite good access to 
healthcare and medications, African-American veterans have lower levels of blood 
pressure control than whites.  Kressin et al. (2007) examined a another veteran group for 
differences in health beliefs, processes of care and medication adherence by race and 
noted that while African-American patients had a higher sense of seriousness regarding 
their high blood pressure, they were significantly more likely to forget to take their 
medication and had significantly less trust in their physicians.  The authors noted that 
confidence in one’s ability to take medications as prescribed was associated with better 
adherence regardless of race.   
Hekler et al. (2008) examined patient characteristics involving illness beliefs and 
adherence behaviors among African-Americans using a model based on five constructs 
connecting the patient with hypertension: identity, causes, consequences, time line, and 
controllability/cure.  The authors reported that patients who embrace a medical belief 
model in which their hypertension is caused and controlled by factors such as diet, age, 
and weight achieve lower systolic blood pressures; whereas patients that focus on stress 
as the cause of their hypertension were likely to lower their stress levels but not their 
blood pressure.  Gulliford et al. (2004) examined a broad range of socioeconomic factors 
within Trinidad and Tobago to better understand if these patient characteristics accounted 
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for differences in hypertension management and noted that factors like gender, income 
and education level all play an important role. 
Conceptual Framework 
 
The conceptual framework depicted in the figure below integrates many of the key 
concepts described in the literature review and forms the rationale for the intervention 
used in this study.  The framework starts with an assumption that patients approach the 
challenges of hypertension using a health belief model construct.  That is to say that the 
patient’s understanding of susceptibility, severity, benefits, barriers, and self-efficacy are 
incorporated into their decision making regarding health behavior.  The framework then 
adds the assumption that physician and nurses are using established hypertension 
management strategies that embrace the medical belief model in which hypertension is 
caused by factors such as genetic predisposition, poor diet, sedentary lifestyle, and age; 
and controlled by factors such as healthy diet, exercise, and medication compliance.  The 
framework then highlights the limited interactions between patients and their healthcare 
provider.  The limited patient-provider interaction is believed to be particularly important 
in the environment of the public health centres of the Republic of Trinidad and Tobago 
because hypertension clinics, or “lifestyle clinics” as they are called, are frequently 
overcrowded and high quality patient education is limited.  Next, the conceptual 
framework draws from the literature dealing with innovative technologies and 
intervention strategies used to achieve the following goals: (1) patients will receive 
frequent feedback regarding the seriousness of their health condition and the 
effectiveness of their most recent hypertension management strategies, (2) patients will 
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get more frequent feedback from providers, reinforcing the medical belief model, (3) 
providers will get more timely feedback regarding the success or failure of each patient’s 
hypertension management strategies, (4) access barriers associated with aligning 
schedules for patients and providers to travel to health centres and physically meet will be 
significantly reduced, (5) limited health centre resources will be increasingly prioritized 
to focus on patients with time-sensitive problems and (6) patients will be monitored for 
non-compliance to minimize the number of patients who are “lost to follow-up”.  In the 
conceptual model, improvement related to each of these goals can be achieved through a 
series of frequent / short “automated encounters”.  The frequent / short “automated 
encounters” strengthen the relationship between patients and provider and help empower 
patients to take a more active role in managing their health.  An intervention which 
includes HBPM and automated monitoring was selected because the associated 
automated encounters help integrate the cognitive environments of patients and providers 
and improve the frequency and timing of patient provider interactions.  Specifically, the 
health beliefs construct (susceptibility, severity, benefits, barriers, and self-efficacy) 
suggests that patients seeing their own blood pressure measurements frequently and 
receiving increased feedback from physicians and nurses can improve health behavior. 
Similarly, the medical belief model, where medication compliance, healthy diet, and 
exercise help to effectively manage blood pressure, is supported with a more frequent 




Figure 1: Conceptual Framework 
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Research Questions, Specific Aims and Hypotheses 
Research Questions 
1. Can public sector hypertension patients be successfully trained to utilize home 
blood pressure monitoring equipment and effectively convey their medical 
condition to health centre physicians and staff via the automated telephone 
monitoring system? 
2. Can information from home blood pressure monitoring and an automated 
telephone monitoring system be successfully integrated into the hypertension 
medical management model used in primary care chronic disease clinics in the 
Republic of Trinidad and Tobago? 
3. Will public sector hypertension patients respond positively to home blood 
pressure monitoring and a more dynamic communication model with their 
physicians? 
4. Will primary care physicians in the Republic of Trinidad and Tobago respond 
positively to the integration of home blood pressure monitoring information into 
their practice and to a dynamic communication model with their hypertension 
patients? 
5. Can a comprehensive dataset including information from clinic exams, patient 
and family histories, health behaviors and beliefs surveys be collected to 
characterize the hypertensive patient population being treated in the primary care 
clinics in the Republic of Trinidad and Tobago to inform future research studies? 
23 
Specific Aims and Hypotheses 
Specific Aim 1:  Train and then observe physicians and hypertension patients in the use of 
a HBPM and an automated telephone-information system to determine if these tools can 
contribute to effective blood pressure management at two public health centres in the 
Republic of Trinidad and Tobago so as to examine the hypotheses that: 
Hypothesis 1a [ primary outcome variable]: Using change in seated MAP as a measure 
of success, physicians and hypertension patients at two public health centres in the 
Republic of Trinidad and Tobago will partner to improve blood pressure management 
over a six-month study period. 
Hypothesis 1b:  Using change in seated SBP as a measure of success, physicians and 
hypertension patients at two public health centres in the Republic of Trinidad and Tobago 
will partner to improve blood pressure management over a six-month study period. 
Hypothesis 1c:  Using change in seated DBP as a measure of success, physicians and 
hypertension patients at two public health centres in the Republic of Trinidad and Tobago 
will partner to improve blood pressure management over a six-month study period. 
Hypothesis 1d:  Using change in Pulse Pressure (PP) as a measure of success, physicians 
and hypertension patients at two public health centres in the Republic of Trinidad and 
Tobago will partner to improve blood pressure management over a six-month study 
period. 
Hypothesis 1e:  Using change in standing SBP as a measure of success, physicians and 
hypertension patients at two public health centres in the Republic of Trinidad and Tobago 
will partner to improve blood pressure management over a six-month study period. 
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Hypothesis 1f:  Using change in standing DBP as a measure of success, physicians and 
hypertension patients at two public health centres in the Republic of Trinidad and Tobago 
will partner to improve blood pressure management over a six-month study period. 
Specific Aim 2a:  Train and then observe hypertension patients in the use of home blood 
pressure monitors to determine if patients at two public health centres in the Republic of 
Trinidad and Tobago can demonstrate proper blood pressure monitoring technique (cuff 
is placed correctly, sensor is positioned over the brachial artery, arm is positioned at 
heart level, machine is activated correctly, patient is calm and still during measurement, 
systolic and diastolic measures are correctly identified) so as to examine the hypothesis 
that: 
Hypothesis 2a:  After receiving basic training, ≥ 80% of the hypertension patients at two 
public health centres in the Republic of Trinidad and Tobago are able to demonstrate 
effective use of a home blood pressure monitor in three consecutive clinic visits over a 
six-month study period. 
Specific Aim 2b:  Survey hypertension patients, previously trained in the use of home 
blood pressure monitors, to determine if patients at two public health centres in the 
Republic of Trinidad and Tobago feel they know how to correctly use a home blood 
pressure monitor so as to examine the hypothesis that: 
Hypothesis 2b:  After receiving basic training, ≥ 80% of the hypertension patients at two 
public health centres in the Republic of Trinidad and Tobago will express that they know 
how to properly use a home blood pressure monitor in three consecutive clinic visits over 
a six-month study period. 
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Specific Aim 2c:  Train and then monitor hypertension patients to determine if patients at 
two public health centres in the Republic of Trinidad and Tobago can consistently convey 
their medical information to health centre physicians and staff via a pre-recorded question 
set and an automated telephone monitoring system so as to examine the hypothesis that: 
Hypothesis 2c:  After receiving basic training, ≥ 80% of the hypertension patients at two 
public health centres in the Republic of Trinidad and Tobago will be able to convey their 
medical information to health centre physicians and staff via an automated telephone 
monitoring system with a frequency of ≥ 25 phone calls per six-month study period. 
Specific Aim 3:  Train primary care physicians at two public health centres in the 
Republic of Trinidad and Tobago to use an automated telephone monitoring system to 
manage public sector hypertension patients and then survey these same physicians to 
determine if they were able to use the system to guide their medical decisions (maintain 
current anti-hypertensive therapy, change the dose of an anti-hypertensive therapy, add a 
new anti-hypertensive therapy, discontinue an anti-hypertensive therapy, become aware 
of a side effect of an anti-hypertensive therapy, recommend patient come to the clinic or 
go to an Emergency Department, prompt education of the patient regarding dietary 
compliance, prompt education of the patient regarding physical activity) so as to examine 
the hypothesis that: 
Hypothesis 3:  After receiving basic training, primary care physicians at two public health 
centres in the Republic of Trinidad and Tobago will successfully use an automated 
telephone monitoring system over a six-month study period to manage ≥ 80% of the 
hypertension study patients. 
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Specific Aim 4:  Survey hypertension patients who have previously been trained and used 
home blood pressure monitors and an automated telephone monitoring system for a six-
month study period to determine if patients at two public health centres in the Republic of 
Trinidad and Tobago have a positive response to the system (agree with the following 
statements: the home blood pressure monitoring system helped them improve their blood 
pressure control, the home blood pressure monitoring system helped them actively 
participate in the management of their blood pressure, the home blood pressure 
monitoring system helped them understand how the type of medicine can influence their 
blood pressure, the home blood pressure monitoring system helped them understand how 
the dose of medicine can influence their blood pressure, the home blood pressure 
monitoring system helped them understand how their medication helps control their 
blood pressure, the home blood pressure monitoring system helped them understand how 
diet, particularly salt intake, can influence their blood pressure, the home blood pressure 
monitoring system helped them understand how physical activity can influence their 
blood pressure, the home blood pressure monitoring system helped them understand their 
blood pressure goal, the home blood pressure monitoring system helped them identify 
changes in their blood pressure, the home blood pressure monitoring system helped them 
communicate with their physician, the home blood pressure monitoring system helped 
them identify problems with their medication, and they prefer the home blood pressure 
monitoring system to the standard hypertension management model.) so as to examine 
the hypothesis that: 
Hypothesis 4:  After receiving basic training and using a home blood pressure monitor 
along with an automated telephone monitoring system for a six-month study period, ≥ 
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80% of the hypertension patients at two public health centres in the Republic of Trinidad 
and Tobago will respond positively to the use of these tools in their hypertension 
management. 
Specific Aim 5:  Survey public sector patients diagnosed with hypertension in the 
Republic of Trinidad and Tobago to characterize medical history, family history, 
cardiovascular risk factors, health behaviors, health beliefs, and critical hypertension 
management questions (Is the patient’s blood pressure well controlled?  Do patients 
actively participate in the management of their blood pressure?  Do patients understand 
how the type of medicine can influence their blood pressure?  Do patients understand 
how the dose of medicine can influence their blood pressure?  Do patients believe their 
medication is working well to control their blood pressure?  Do patients understand how 
diet, particularly salt intake, can influence their blood pressure?  Do patients understand 
how physical activity can influence their blood pressure?  Do patients know what their 
blood pressure goal is?) so as to inform future research studies and explore the 
relationships between patient characteristics and patient responses to using home blood 





The study followed a non-randomized prospective observational design to assess the 
feasibility of using HBPM and the automated telephone-information system to manage 
elevated blood pressure and subsequently improve the health outcomes of the Republic of 
Trinidad and Tobago population.  It should be noted that the initial proposal called for a 
randomized study design comparing the proposed intervention to routine medical 
management but the non-randomized study design was ultimately chosen because key 
stakeholders in Trinidad felt strongly that all study patients should receive HBPM and the 
automated telephone-information system intervention.  Their concern with the 
randomized design was that patients would speak with one another and those not 
receiving the intervention would think they were being deprived of the best care.  While 
the non-randomized design was not the first choice, this design did offer the researcher 
team an excellent opportunity to examine many unknowns associated with deploying 
HBPM and automated telephone-information system technology in a developing country 
like the Republic of Trinidad and Tobago.  Preliminary site visits to the Republic of 
Trinidad and Tobago revealed that the public sector health delivery system that cares for 
the country’s less affluent citizens is significantly different from the health delivery 
systems of the United States and Western Europe where HBPM and automated 
telephone-information systems have been studied and demonstrated to be effective tools 
in the management of elevated blood pressure.  In addition to the cultural differences that 
could influence the use and effectiveness of these technologies, the environment and 
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underlying infrastructure were different.  For example, at the time of the study there were 
no computers in the primary care clinics of the health centre.  Patient records were hand 
written and stored in large log books.  While some of the medical staff had some 
experience working with computers outside of the health centre, many of the nurses had 
little or no experience with computers.  Physicians generally had more experience with 
computers than nurses but they had little or no experience using computer systems to 
organize patient records and monitor patient responses to therapy.  The deployment, 
general acceptance and successful utilization of these technologies in the public sector 
health delivery system are all being tested as part of this feasibility study.  Additionally, 
there is very little validated information documenting the medical condition of patients 
with elevated blood pressure in the country’s public sector health delivery system.  
Records from health centre visits are limited and maintained in log books, which are 
generally unavailable to investigators and exceptionally difficult to explore with 
advanced statistical techniques.  The final study design allows for the detailed monitoring 
of patients and healthcare providers during the implementation of the HBPM and 
automated telephone-information system intervention and provides both qualitative and 
quantitative measurements of important medical and healthcare delivery system 
variables.  The feasibility study is believed to be a critical step before proceeding to a 
more elaborate and expensive study design to explore the hypothesis that an enhanced 
care model including HBPM and an automated telephone-information system is more 
effective at managing elevated blood pressure than the standard care delivery model. 
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Study Team and Training 
The study team consisted of six Trinidadian primary care physicians, four cardiologists 
from Johns Hopkins University, two primary care nurses from Trinidad, a cardiac nurse 
from Johns Hopkins University, a system expert from Johns Hopkins University Applied 
Physics Laboratory and a public health doctoral candidate at Johns Hopkins Bloomberg 
School of Public Health.  Five of the six Trinidadian physicians have active chronic 
disease clinics, from which the patient population was selected.  The sixth Trinidadian 
physician is a Lecturer within the Family Medicine Programme at the University of West 
Indies in Trinidad.  The Johns Hopkins University cardiology group was led by 
physicians focused on preventive cardiology and included the Director of Clinical 
Research for the Cardiology Division.  All of the Johns Hopkins University participants 
were part of the Trinidad and Tobago Health Sciences Initiative, a Republic of Trinidad 
and Tobago funded training program.  The five Trinidadian physicians who manage 
hypertension patients in the health centres and the two primary care nurses were given 
copies of the research protocol to review and suggest changes.  Each person was also 
given detailed training documents and attended an afternoon training session where the 
home blood pressure monitors were tested, the automated telephone monitoring system 
demonstrated and the study forms reviewed.  Follow-up training was conducted as 
requested and the study protocol was reviewed during periodic visits to enrollment sites 
by members of the Johns Hopkins team. 
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Study Setting and Population 
The study was conducted in two public sector primary care / chronic disease clinic 
locations within the Republic of Trinidad and Tobago.  The first, Arima District Health 
Facility, is a larger facility which provides primary care, accident and emergency and 
some specialty services located in the north central region of Trinidad, 16 miles east of 
Port of Spain, the capital.  The second, Woodbrook Health Centre / Infinity Medical 
Clinic is a small facility located in the capital city of Port-of-Spain which focuses 
exclusively on primary care services.  Both centres serve ethnically diverse populations 
which were thought to be generally reflective of the national population.   
One hundred and seventy-one adult patients thought to be newly diagnosed or previously 
diagnosed but poorly controlled were screened for enrollment into the study by the 
primary care physicians at each location based on a convenience sample (those presenting 
for treatment at the time of open enrollment).  Fourteen patients were determined to have 
normal blood pressure (SBP <140 and DBP <90) and the remaining one hundred and 
fifty-seven patients were ultimately recruited.  All enrolled patients had a diagnosis of 
hypertension as documented by a facility-based blood pressure reading (SBP ≥140 or 
DBP ≥90) or active treatment for hypertension and met the basic enrollment criteria: 
speaks English and possesses normal hearing, language and telephone skills.  These basic 
enrollment criteria were chosen to match the minimum requirements for use of the 
automated telephone monitoring system which uses question sets recorded exclusively in 
English.  The enrollment criteria were left broad to maintain a diverse study population 
reflective of the general population being treated in the public sector health system of the 
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Republic of Trinidad and Tobago.  All study patients were presented with a full 
description of the study, their rights as study participants and a standard consent 
agreement prior to enrolling in the study.   
Description of the Intervention 
As noted earlier, the HBPM and automated telemonitoring intervention was designed to 
address some of the main challenges facing the Republic of Trinidad and Tobago’s public 
sector primary care centre; where large numbers of patients with uncontrolled or poorly 
managed blood pressure are treated by a small number of healthcare providers with a 
limited number of crowded clinic-based interactions.  Specifically, the intervention uses 
home blood pressure monitors and an automated telephone monitoring system to create 
frequent automated encounters where patients and providers can interact to improve 
blood pressure control.  The increased frequency of blood pressure data and feedback 
from physicians and nurses is designed to empower patients and support improved health 
behavior through the health beliefs constructs (susceptibility, severity, benefits, barriers, 
and self-efficacy).  The increased frequency of blood pressure and other patient data to 
physicians and nurses helps facilitate optimally timed changes in medication and patient 
education. 
Recently diagnosed hypertensive patients and poorly managed hypertensive patients were 
referred to special hypertension management study clinics which were generally operated 
one day per week.  Each prospective study patient underwent an initial screening exam.  
If the patient met the enrollment criteria and expressed an interest in enrollment, they 
were consented, given the baseline examination and questionnaire, assigned a blood 
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pressure goal of 140/90 mm Hg (or 130/80 mm Hg if diabetic) and registered in the 
automated telephone monitoring system.  The baseline examination form, shown in 
Appendix A, covered a wide range of demographic, patient history, family history, health 
belief and behavior questions in addition to clinic examination data.  The blood pressure 
measurements used as the study’s primary outcome variables were derived from the 
repeated baseline, three-month and six-month blood pressure measurements taken by a 
healthcare professional (physician or licensed nurse) in a clinic setting using a 
sphygmomanometer.  The following methodology was used to derive a single blood 
pressure measure reading for the visit from the repeated measures taken during the 
examination: when three “Seated SBP” measurements were reported, the average of the 
2nd and 3rd measurement was used; when two “Seated SBP” measurements were 
reported, the 2nd reading was used; when only a single “Seated SBP” measurement was 
available, it was used. 
Each patient was provided with a home blood pressure monitor, Omron Digital Blood 
Pressure Monitor Model 790-IT, trained on proper technique (cuff is placed correctly, 
sensor is positioned over the brachial artery, arm is positioned at heart level, machine is 
activated correctly, patient is calm and still during measurement, systolic and diastolic 
measures are correctly identified) and observed to determine if they understood how to 
use the home blood pressure monitor and could demonstrate proper blood pressure 
monitoring technique.  Each patient also received education regarding the factors which 
contribute to elevated blood pressure including uncontrollable factors such as genetic 
predisposition and age and behavioral factors such as poor diet, sedentary lifestyle, and 
medication compliance.  At the end of the baseline visit, patients were asked to actively 
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participate in the management of their blood pressure by applying the medical knowledge 
they received from their physicians and nurses in clinic, exhibiting healthy behavior 
(maintain a healthy diet, exercise regularly and take their medications as prescribed), 
continuously monitoring their blood pressure at home and submitting their blood pressure 
readings to their physicians and nurses via phone monitoring system.  The specific 
frequency of the home monitoring and reporting was determined by the treating physician 
based on patient characteristics.  Each physician followed standard hypertension 
management algorithms as informed by the National High Blood Pressure Education 
Program’s “Seventh Report of the Joint National Committee on Prevention, Detection, 
Evaluation and Treatment of High Blood Pressure” and the Caribbean Health Research 
Council’s “Managing Hypertension in Primary Care in the Caribbean”.   By using 
“standard therapy” for the treatment of hypertension and other co-morbidities, the study 
design attempted to limit the number of variables impacting the physicians’ and study 
patients’ behaviors.  Study patients had additional physical exams and answered survey 
questions as noted in Appendix C and Appendix D at the three-month and six-month 
visits.  Patients were also monitored throughout a six-month study period via the 
automated computer system (physicians and nursing staff reviewed call logs and alerts 
weekly).  Electronic requests for direct communication with the clinic staff (physician or 
nurse) were expected to be answered within two business days.  Patients may have been 
asked to return to clinic for additional treatment if determined necessary by the treating 
primary care physician.  Study data were reviewed both by the local Trinidadian 
physicians and the team from Johns Hopkins to ensure data quality and safety 
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monitoring.  Extreme readings were validated by reviewing the clinic exam documents a 
second and third time to ensure data entry was not a source for measurement error.   
Home Blood Pressure Monitoring Cycle 
As noted in Figure 2, below, the home blood pressure monitoring cycle has six steps and 
starts with a patient measuring their blood pressure using their home blood pressure 
monitor.  The patient then calls a local phone number from their home or cellphone 
where he or she is connected to the automated monitoring system and prompted to enter 
their unique study identification number and password and then answer a series of 
questions about their current medical condition.  The specific pre-recorded question set is 
described in Appendix G and includes instruction like “please enter your sitting systolic, 
the higher, blood pressure number, followed by the pound sign”, “are you having 
problems taking any of your medications, if yes press one, if no press two” and “would 
you like to speak to the nurse, if yes press one, if no press two”.  In the third step of the 
cycle, the monitoring system collects the information.  In the fourth step, the monitoring 
system analyzes the information against the patient-specific parameters created by the 
treating physician and signals a system alert if the measurements exceed certain 
parameters.  In step five, the specific responses, trends, alerts and requests from patients 
are made available to the primary care physicians in the chronic disease clinics via 
remote web connections.  The physicians and nurses also have access to customized 
reports based on patient-specific parameters preloaded into the system.  In step six, the 




Figure 2: HBPM Cycle 
Technical Telephone / Computer Interface 
As described in Figure 3 below, the automated monitoring system and associated server-
based database have eight sections and multiple interfaces.  In the “Author” section, the 
physicians from Johns Hopkins University and the local primary care clinics partnered to 
37 
create and record a customized set of questions for hypertensive patients in the Republic 
of Trinidad and Tobago.  In the “Patient” section, the treating physicians and nurses 
created system records for each of their patients and determined the patient alert values 
based on the patient’s personal medical history.  In the “Report” section, the treating 
physician specifies which reports he or she wants displayed.  In the “Analyze” section, 
the treating physician defines how he or she wants to see the patient’s data, using 
customized charts and graphs.  In the “Response” section, the treating physician and 
nurse can monitor alerts and note the resulting changes in the care plan.  In the 
“Message” section, the treating physician and nurse can listen to messages from the 
patient or record a custom message for the patient to hear with their next automated 
encounter.  In the “Watch” section, the treating physician and nurse can efficiently 
monitor new calls, alerts and messages with color coded and prioritized lists.  In the 
“Interactive Voice Response” section, the patient call is received, the pre-recorded 
question set is delivered and the patient’s responses are recorded.  All of these data are 
brought together in a single database.         
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Software components of TeleWatch as described by James G. Palmer and Jeffrey A. 
Spaeder in  Johns Hopkins APL Technical Digest, Volume 25, Number 3 (2004).
 
Figure 3: TeleWatch Software Components 
Description of the Key Variables 
Table 2: Key Variables - Assigned 
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Table 3: Key Variables – Primary Blood Pressure Measures 
 





Table 5: Key Variables – Patient Characteristics 
 
 




















Table 10: Key Variables – Medication Problems 
 
 









































Sample Size Calculation 
The following variables were used in the PS Power and Sample Size Calculator to 
determine an appropriate sample size of one hundred twelve (112): paired t-test (test 
type), α=.05 (alpha / probability of incorrectly accepting the null hypothesis), power=.8 
(probability of correctly rejecting the null hypothesis), δ=2 mm Hg (delta / expected 
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meaningful difference in means from enrollment to six-month visit) and σ=7.5 mm Hg 
(sigma / standard deviation of difference in the response of matched pairs).  This sample 
size was rounded up to (n=125) and considered appropriate for examining the questions 
of feasibility addressed by this pilot study. 
Information Lost to Follow-up 
One hundred fifty-eight patients enrolled in the study and completed the baseline visit.  
Thirty-nine of these had incomplete records at the end of the study and were excluded 
from the statistical analysis because post-intervention measurements of blood pressure 
were not available.  The loss of follow-up data for these individuals is the result of 
several issues.  First, blood pressures for 46% of them were within normal range, 
<140/90 mm Hg, and these patients were excluded from follow-up.  Second, records were 
missing for 39% of these patients and it is unclear whether patients did not return to the 
health centre because they chose a different provider or whether the records were 
misplaced.  Study notes on the remaining 15% of patients explain the reasons for their 
withdrawal.  One patient passed away.  Two patients were too ill or frightened to 
participate and three patients didn’t see the value of the program.  As noted in the table 
below, mean blood pressure measurements for the 39 patients excluded from the final 
analysis were lower than the 118 patients who had complete records and were included in 
the analysis.  This difference is consistent with the earlier observation that nearly half of 
the excluded patients did not have elevated blood pressure at the time of the baseline visit 
and may not have been hypertensive.  
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Table 18: Excluded Patients: – Comparison of Baseline Blood Pressure 
Comparison of Baseline Blood Pressure 
 
39 Patients Excluded                                 
SBP  =  137 mm Hg (Std. Dev. 21.6)  
DBP =    84 mm Hg (Std. Dev. 12.0)  
MAP = 102 mm Hg (Std. Dev. 14.2) 
118 Patients Included 
SBP  =  141 mm Hg (Std. Dev. 20.6)  
DBP =    88 mm Hg (Std. Dev. 13.9)  
MAP = 106 mm Hg (Std. Dev. 15.0) 
 
Statistical Software and Statistical Analysis Plan 
Patient exam and survey data were initially collected in the primary care clinics using the 
paper forms shown in Appendices A, B, C, D, E, and F.  Clinic data were entered into 
database format and merged with electronic data captured via the automated monitoring 
system using the tiered question set shown in Appendix G using Microsoft Excel 2010.  
The comprehensive dataset summarized in Appendix H was then analyzed using the 
Stata/SE 13.1 statistical packages. 
Hypothesis (1a) analyzes changes in hypertensive patients’ MAP to assess the 
effectiveness of blood pressure management at two public health centres in the Republic 
of Trinidad and Tobago over a six-month study period.  The statistical analysis included: 
• Examining MAP readings at baseline, three-month visit and six-month visit; 
including the summary statistics: minimums, maximums, medians, means, and 
standard deviations. 
• Plotting the MAP readings against time (six-month study period) to examine 
trends in MAP from the baseline visit through six-month visit. 
• Examining individual patient changes in MAP readings from baseline to three-
month visit, from three-month visit to six-month visit and from baseline to six-
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month visit and using a paired t-test to test the hypothesis that patients lowered 
their MAP over time; or Ha: mean(diff) != 0. 
• Examining the relationship between changes in MAP and other study variables 
including patient characteristics, health behaviors and health beliefs using 
multiple linear regression to model relationships. 
Hypothesis (1b) analyzes changes in hypertensive patients’ seated SBP to assess the 
effectiveness of blood pressure management at two public health centres in the Republic 
of Trinidad and Tobago over a six-month study period.  The statistical analysis included: 
• Examining seated SBP readings at baseline, three-month visit and six-month 
visit; including the summary statistics: minimums, maximums, medians, means, 
and standard deviations. 
• Plotting the seated SBP readings against time (six-month study period) to 
examine trends in seated SBP from the baseline visit through six-month visit. 
• Examining individual patient changes in seated SBP readings from baseline to 
three-month visit, from three-month visit to six-month visit and from baseline to 
six-month visit and using a paired t-test to test the hypothesis that patients 
lowered their seated SBP over time; or Ha: mean(diff) != 0. 
• Examining the relationship between changes in seated SBP and other study 
variables including patient characteristics, health behaviors and health beliefs 
using multiple linear regression to model relationships. 
Hypothesis (1c) analyzes changes in hypertensive patients’ seated DBP to assess the 
effectiveness of blood pressure management at two public health centres in the Republic 
of Trinidad and Tobago over a six-month study period.  The statistical analysis included: 
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• Examining seated DBP readings at baseline, three-month visit and six-month 
visit; including the summary statistics: minimums, maximums, medians, means, 
and standard deviations. 
• Plotting the seated DBP readings against time (six-month study period) to 
examine trends in seated DBP from the baseline visit through six-month visit. 
• Examining individual patient changes in seated DBP readings from baseline to 
three-month visit, from three-month visit to six-month visit and from baseline to 
six-month visit and using a paired t-test to test the hypothesis that patients 
lowered their seated DBP over time; or Ha: mean(diff) != 0. 
• Examining the relationship between changes in seated DBP and other study 
variables including patient characteristics, health behaviors and health beliefs 
using multiple linear regression to model relationships. 
Hypothesis (1d) analyzes changes in hypertensive patients’ PP to assess the effectiveness 
of blood pressure management at two public health centres in the Republic of Trinidad 
and Tobago over a six-month study period.  The statistical analysis included: 
• Examining PP readings at baseline, three-month visit and six-month visit; 
including the summary statistics: minimums, maximums, medians, means, and 
standard deviations. 
• Plotting the PP readings against time (six-month study period) to examine trends 
in PP from the baseline visit through six-month visit. 
• Examining individual patient changes in PP readings from baseline to three-
month visit, from three-month visit to six-month visit and from baseline to six-
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month visit and using a paired t-test to test the hypothesis that patients lowered 
their PP over time; or Ha: mean(diff) != 0. 
• Examining the relationship between changes in seated PP and other study 
variables including patient characteristics, health behaviors and health beliefs 
using multiple linear regression to model relationships. 
Hypothesis (1e) analyzes changes in hypertensive patients’ standing SBP to assess the 
effectiveness of blood pressure management at two public health centres in the Republic 
of Trinidad and Tobago over a six-month study period.  The statistical analysis included: 
• Examining standing SBP readings at baseline, three-month visit and six-month 
visit; including the summary statistics: minimums, maximums, medians, means, 
and standard deviations. 
• Plotting the standing SBP readings against time (six-month study period) to 
examine trends in standing SBP from the baseline visit through six-month visit. 
• Examining individual patient changes in standing SBP readings from baseline to 
three-month visit, from three-month visit to six-month visit and from baseline to 
six-month visit and using a paired t-test to test the hypothesis that patients 
lowered their standing SBP over time; or Ha: mean(diff) != 0. 
• Examining the relationship between changes in standing SBP and other study 
variables including patient characteristics, health behaviors and health beliefs 
using multiple linear regression to model relationships. 
Hypothesis (1f) analyzes changes in hypertensive patients’ standing DBP to assess the 
effectiveness of blood pressure management at two public health centres in the Republic 
of Trinidad and Tobago over a six-month study period.  The statistical analysis included: 
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• Examining standing DBP readings at baseline, three-month visit and six-month 
visit; including the summary statistics: minimums, maximums, medians, means, 
and standard deviations. 
• Plotting the standing DBP readings against time (six-month study period) to 
examine trends in standing DBP from the baseline visit through six-month visit. 
• Examining individual patient changes in standing DBP readings from baseline to 
three-month visit, from three-month visit to six-month visit and from baseline to 
six-month visit and using a paired t-test to test the hypothesis that patients 
lowered their standing DBP over time; or Ha: mean(diff) != 0. 
• Examining the relationship between changes in standing DBP and other study 
variables including patient characteristics, health behaviors and health beliefs 
using multiple linear regression to model relationships. 
Hypothesis (2a) examines the public sector hypertension patients’ ability to correctly use 
a home blood pressure monitor in a clinic setting under physician / nurse observation.  
Statistical analysis included: 
• Reporting the percentages of public sector hypertension patients successfully 
performing each step of the six blood pressure monitoring steps at each of the three 
clinic visits (cuff is placed correctly, sensor is positioned over the brachial artery, 
arm is positioned at heart level, machine is activated correctly, patient is calm and 
still during measurement, systolic and diastolic measures are correctly identified).  
The analysis will help identify the types of errors that are most likely to lead to 
inaccurate home blood pressure readings and to inform future patient education 
program training. 
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• Reporting the percentages of public sector hypertension patients successfully 
performing all steps of the blood pressure monitoring process at each of the three 
clinic visits. 
• Reporting odds ratios and adjusted odds ratios for each of the six steps and the 
summary indicator at the three-month visit and the six-month visit versus the 
initial visit adjusting for factors, such as blood pressure, age, gender, need for 
additional training, etc.  Population averaged logistic regression models using 
generalized estimating equations (GEE) methods were used in which proper use of 
the home blood pressure machine is the binary outcome variable [Yes/No].  This 
longitudinal analysis will show whether public sector hypertension patients have 
consistently demonstrated proper use of the home blood pressure machine over the 
study period. 
Hypothesis (2b) examines the public sector hypertension patients’ belief that they can 
correctly use a home blood pressure monitor.  Statistical analysis included: 
• Reporting the percentages of public sector hypertension patients that believe they 
can correctly use a home blood pressure monitor at the initial visit, three-month 
visit and the six-month visit. 
• Analyzing the sensitivity and specificity of the public sector hypertension patient 
opinion comparing to the physician / nurse observation to assess the reliability of 
the patient opinions. 
Hypothesis (2c) examines the public sector hypertension patients’ ability to effectively 
convey their medical information to health providers via the automated telephone 
monitoring system.  Statistical analysis included: 
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• Reporting the percentages of public sector hypertension patients that complete the 
question set ≥ 25 times over the six-month study period. 
• Plotting the completed automated encounters against time (six-month study period) 
to show the trend of participation. 
• Reporting odds ratios and adjusted odds ratios for each encounter adjusting for 
factors such as blood pressure, age, etc.  Population averaged logistic regression 
models using generalized estimating equations (GEE) methods were utilized where 
use of automated telephone monitor system is the binary outcome variable; yes/no.  
This longitudinal analysis will show whether public sector hypertension patients 
have consistently demonstrated the ability to effectively convey their medical 
information to health providers over the study period. 
Hypothesis (3) examines the primary care physicians’ use of an automated telephone 
monitoring system to manage public sector hypertension patients.  Statistical analysis 
included: 
• Reporting the percentages of primary care physicians using an automated 
telephone monitoring system to help make the following eight decisions during 
months 1-3 and during months 4-6: maintain current anti-hypertensive therapy, 
change the dose of an anti-hypertensive therapy, add a new anti-hypertensive 
therapy, discontinue an anti-hypertensive therapy, become aware of a side effect of 
an anti-hypertensive therapy, recommend patient come to the clinic or go to an 
emergency department, prompt education of the patient regarding dietary 
compliance, prompt education of the patient regarding physical activity. 
59 
• Reporting the percentages of primary care physicians using an automated 
telephone monitoring system to help manage public sector hypertension patients at 
the three-month visit and at the six-month visit.  
• Reporting odds ratios and adjusted odds ratios for each of the eight decisions and 
the summary indicator at the three-month visit versus the six-month visit adjusting 
for factors, such as blood pressure, age, gender, etc.  Population averaged logistic 
regression models using generalized estimating equations (GEE) methods were 
utilized in which the automated system use to help make medical decision is the 
binary outcome variable; yes/no.  This longitudinal analysis will show whether 
primary care physicians have consistently used the system over the study period. 
Hypothesis (4) examines the public sector hypertension patients’ responses to using home 
blood pressure monitors and an automated telephone monitoring system as tools in their 
hypertension management.  Statistical analysis included: 
• Reporting the percentages of public sector hypertension patients responding 
favorably (responses 4-6 on a 6-point Likert scale) to each of 12 “Impact of Home 
Blood Pressure Monitoring” survey questions. 
• Reporting odds ratios and adjusted odds ratios for each of the 12 “Impact of Home 
Blood Pressure Monitoring” survey questions adjusting for factors such as blood 
pressure, age, gender, etc.  Population averaged logistic regression models using 
generalized estimating equations (GEE) methods were utilized in which favorable 
response is the binary outcome variable; yes/no.  
Aim (5) seeks to characterize medical history, patient history, family history, 
cardiovascular risk factors, health behaviors, health beliefs, and other hypertension 
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management variables of the hypertension patient population being managed in the 
public sector clinics of the Republic of Trinidad and Tobago.  Statistical analysis 
included: 
• Examining each measured characteristic; including the summary statistics: 
minimums, maximums, medians, means, and standard deviations. 
• Plotting the measurements against time over the six-month study period to 
examine trends. 
• Examining changes in individual patients’ characteristics from baseline to three-
month visit, from three-month visit to six-month visit and from baseline to six-
month visit, using a paired t-test or Wilcoxon signed-rank test to test the 
hypothesis that patients’ characteristics changed over time; or Ha: mean(diff) != 0. 
• Examining the relationships between patient characteristics and blood pressure 
with bivariate analyses. 
• Regression models will be utilized to examine the relationships between blood 
pressure and multiple patient characteristics.   
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RESULTS - Description of Hypertensive Patient Population 
As noted in the table below, the study enrolled patients from two clinic locations.  
Seventy-five percent of the enrolled patients came from Arima District Health Facility 
which is located in the central Arima district.  The facility has an Accident and 
Emergency Department (A&E) adjacent to primary care clinics and other outpatient care 
services.  Twenty-five percent of the enrolled patients came from Woodbrook, a small 
primary care clinic located in the nation’s capital of Port of Spain.  The patient’s age at 
enrollment ranged from 29 to 81 with an average age of 57.5.  Sixty-one percent of the 
patients were older than 55.  Females represent 72% of the study population whereas they 
represent approximately 50% of the overall population (Republic of Trinidad and Tobago 
Central Statistical Office, 2012). 




Figure 4: Study Population - Age Distribution 
As noted in the table below, the racial mix of patients was 53% African ancestry, 19.1% 
East Indian ancestry and 27.8% Mixed as compared to the respective national average of 
34.2%, 35.4%, and 22.8%.  (Republic of Trinidad and Tobago Central Statistical Office, 
2011).  The increased representation of patients with African ancestry is consistent with 
the population living in the north of the country where the study was conducted.  As one 
would expect in a hypertension clinic patient population, which has a mean age above the 
national average, there are higher proportions of married (57.4%) and separated / 
divorced (18.3%) patients than the national average of 41.2% and 10.0% respectively.  
Twenty-four percent of study patients reported “none” for employment.  This is a 
relatively high percentage; given the low unemployment in the Republic of Trinidad and 
Tobago.  But it is not surprising; given the older population and the fact that the public 
sector clinics support the poorest of the population.  Greater than 75% of the study 
patients reported a strong support system; having a person to assist them with their 
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healthcare needs “most times” or “always”.  The education levels of study participants 
38.7% primary education, 40.5% secondary and 19.8% post-secondary are comparable to 
the proportions of adults ≥ 25 in the general population: 30.6% primary education, 43.6% 
secondary and  20.6% post-secondary or higher (Republic of Trinidad and Tobago 
Central Statistical Office, 2011). 
Table 20: Patient Characteristics - Race, Union Status, Employment and Education 
 
As noted in the table below, almost 100% of the study patients were taking some sort of 
medication at the time of enrollment and 41.3% were taking some sort of supplements.  
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The most common pre-study medications and number of patients listing them were: 
aspirin (60), nifedipine (54), enalapril (52), bezide (38), atenolol (23), simvastatin (22), 
metformin (20), lisinopril (18), bendroflumethiazide (10), omeprazole (10), aprinox (9), 
simlo (8), Crestor (6), Lipitor (6) and GTN (5).  The most common pre-study 
supplements and the number of patients listing them were: Vitamin C (16), Centrum 
Silver (11), Vitamin B (11), Calcium (7), cod liver oil (6), evening primrose oil (5), 
Omega 3 (5), Vitamin E (5), Multibionta (4), generic multivitamin (4), Centrum (3), 
Glucosamine (3), fish oil (2), folic acid (2), and iron tablets (2). 
The number of overweight patients (BMI ≥ 25 but <30) and obese patients (BMI ≥ 30) 
was 45.3% and 33.3% respectively.  These rates are very high but consistent with the 
respective national averages of 63.8% and 29.3% (World Health Organization, 2011).  
Weekly physical activity levels are well below recommendations with only 54.4% 
reporting that they participate in weekly exercise and only 53.3% of those individuals 
reporting that they exercise more than three times a week.  Current use of tobacco is 
reported at 10.2% which is consistent with the national average of 13.1% (World Health 
Organization, 2011).  Current alcohol use was reported by 37.8% of study patients.  The 
vast majority of these patients, 97.3%, reported that their alcohol use was limited to ≤2 
drinks per day.  A high percentage of patients, 74.6%, reported adding salt to meals.  Less 
than 1% of patients reported use of illegal drugs.  Marijuana was reported by three 
individuals. 
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Table 21: Patient Characteristics - Medications and Lifestyle 
 
As noted in the table below, comorbid conditions are commonplace in the study 
population.  In addition to elevated blood pressure readings, the patients also reported 
high rates of:  dyslipidemia (39.8%), diabetes (20.3%), CAD (19%) and Bronchospastic 
Disorders (17.9%). 
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Table 22: Patient Characteristics - Patient History 
 
Family history was defined as a first-degree relative: father, mother, brother or sister 
having a history of disease.  As noted in the table below, many patients had a strong 
family history of disease. Study patients reported high rates of non-communicable disease 
with 86.7% reporting a family history of cardiovascular disease.  Study patients also 
reported high family history rates for cerebrovascular disease at 30.9%. 
67 
Table 23: Patient Characteristics - Family History 
 
The table below highlights other clinical findings from the baseline examination.  These 
findings help underscore the need for effective blood pressure control in this patient 
population. 
Table 24: Patient Characteristics - Exam Findings 
 
The table below summarizes the lab test results for the study population.  While basic lab 
tests were recommended for all study participants, testing rates were low.  Conversations 
with clinic providers identified a variety of possible factors limiting access to testing 
during the study. 
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Table 25: Patient Characteristics - Exam Findings 
 
The vast majority of patients presented to the hypertension management study clinic with 
minimal medical records and unclear or nonexistent blood pressure management 
strategies.  The table below summarizes the blood pressure readings during the baseline 
exam and highlights the heterogeneity of previous blood pressure management.  A few 
patients had very low blood pressure readings, most patients had relatively normal to 
moderately elevated blood pressure readings and others had very high blood pressure 
readings.  It should be noted that many of the patients with low blood pressure readings 
initially presented to the Accident and Emergency Department where they received blood 
pressure medications before the baseline visit.  Pre-enrollment blood pressure 
information was available for 17 patients and documents the pre-enrollment reductions in 
blood pressure.  The average blood pressure for those 17 patients dropped from 159/95 
mm Hg to 125/77 mm Hg.  The mean decrease in SBP of 34 mm Hg was statistically 
significant (t=5.7738 Pr(T>t)=0.0000.  The mean decrease in DBP of 17.5 mm Hg was 
also statistically significant (t=5.2501 Pr(T>t)=0.0001. 
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Table 26: Patient Characteristics - Baseline BP Measurements 
 
The table below shows a summary of seated blood pressure readings versus the patient’s 
blood pressure target.  Patients without diabetes were given a resting systolic pressure 
target of 140 mm Hg and a resting diastolic pressure target of 90 mm Hg, while patients 
with diabetes were given lower targets, 130 mm Hg and 80 mm Hg respectively.  Again 
the range of values demonstrates the heterogeneity of previous blood pressure 
management.  A few patients had blood pressure readings well below their blood pressure 
target, most patients had readings relatively close to their blood pressure target and others 
had blood pressure readings well above their blood pressure target.  
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Table 27: Patient Characteristics - Baseline BP vs Targets 
 
Patients were asked a series of questions to access their perceived understanding of their 
physician’s medication, exercise and diet directives and their intensions to follow their 
physician’s advice.  The table below summarizes the responses to the following questions 
at baseline and demonstrates that, on average, patients perceive themselves as having a 
good understanding of physician directives regarding medications, diet and exercise.  The 
questions included: “How well do you understand your current medications and how to 
take them?”, “How well do you understand a healthy diet?”, “How well do you 
understand a healthy physical activity?”, [Answer to these questions were recorded on a 
Likert scale where 1=Excellent, 2=Good, 3=Fair and 4=Poor] “How likely is it that you 
will be able to take your medications as directed by your doctor?”, “How likely is it that 
you will be able to maintain a healthy diet as directed by your doctor?”, “How likely is it 
that you will be able to maintain healthy physical activity as directed by your doctor?” 
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[Answers were recorded on a Likert scale where 1=Very Likely, 2=Likely, 3=Unlikely 
and 4=Very Unlikely]. 
Table 28: Patient Characteristics - Baseline Intent to Follow Advice 
 
When asked, “How many days during the previous 30 days was your daily activity 
limited because of poor physical or mental health?”, 59 patients answered zero and the 
remaining patients had some level of limited daily activity.  The table below shows that 
physical health limitations were more commonly reported than mental health limitations 
and the mean “all cause” number of limited days was 2.54. 
72 
Table 29: Patient Characteristics - Days with Limited Activity 
 
When asked about adherence to medication regimens: “Do you ever forget to take your 
medicine?”, “Are you careless at times about taking your medication?”, “When you feel 
better, do you sometimes stop taking your medicine?” and “Sometimes if you feel worse 
when you take the medicine, do you stop taking it?”, more than 80% of patients answered 
“yes” to at least one question and more than 45% of the patients answered “yes” to two or 
more questions.  The table below summarizes the medical adherence results: 58.8% 
responded “yes” to sometimes forget, 36.8% responded “yes” to sometimes stop taking 
their medications when feeling better, 36.6% responded “yes” to sometimes stop taking 
their medications when feeling worse and 32.2% responded “yes” to being careless at 
times. 
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RESULTS - HBPM and Telemonitoring - Impact on Hypertensive 
Patient Population 
This study examined four basic questions in the setting of two public health centres in the 
Republic of Trinidad and Tobago. One, can hypertension patients effectively use home 
blood pressure monitors and telemonitoring to more actively participate in the 
management of their blood pressure?  Two, can primary care physicians successfully use 
an automated telephone monitoring system to manage hypertensive patients?  Three, will 
hypertension patients respond positively to the use of home blood pressure monitors and 
telemonitoring in the management of their blood pressure? And four, will home blood 
pressure monitors and telemonitoring assist patients and physicians in the management of 
blood pressure? 
Can hypertension patients effectively use home blood pressure monitors and 
telemonitoring to more actively participate in the management of their blood 
pressure? 
This question was examined from three perspectives: (1) can patients consistently 
demonstrate proper use of the home blood pressure monitors; (2) will patients have 
confidence in their ability to use home blood pressure monitors; and (3) will patients be 
able to convey their medical information to physicians via an automated telephone 
monitoring system. 
Physicians and nurses in the public health centres provided study patients with training 
and then evaluated the patients’ use of home blood pressure monitoring machines based 
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on the following criteria.  The patients were evaluated at each of the three visits; baseline, 
three-month and six-month. 
Proper use of the home blood pressure monitors: 
1. Is the cuff placed correctly? 
2. Is the sensor positioned over the brachial artery? 
3. Is the arm positioned at heart level?  
4. Is the machine activated correctly?  
5. Is patient calm and still during measurement? 
6. Are the systolic and diastolic measures correctly identified?  
As shown in the table below, the vast majority of the time patients were able to 
demonstrate proper use of the home blood pressure monitors.  Properly positioning the 
cuff so that the sensor was over the brachial artery was the most common problem.  
Seven percent of patients needed supplemental training on this point at the baseline 
training but the error rate declined to less than 1% by the six-month visit.  
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Table 31: Results - Proper Use of HBPM 
 
Hypothesis 2a: [Yes] These results demonstrated that after receiving basic training, ≥ 
80% of the hypertension patients at two public health centres in the Republic of Trinidad 
and Tobago are able to demonstrate effective use of a home blood pressure monitor at 
three consecutive clinic visits over a six-month study period. 
As shown in the table below, the vast majority of the patients expressed to their physician 
and nurse that they understood how to use home blood pressure monitors properly. 
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Table 32: Results - Patient Expressed Understanding of HBPM 
 
Hypothesis 2b: [Yes] After receiving basic training, ≥ 80% of the hypertension patients at 
two public health centres in the Republic of Trinidad and Tobago expressed that they 
understood how to properly use a home blood pressure monitor at three consecutive 
clinic visits over a six-month study period. 
The study found mixed results when examining the telemonitoring data, where patients 
transmitted their blood pressure data and answers to a standard question set.  Primary 
care physicians reported low call volume early in the study.  They questioned patients 
and found that the cost of the phone call was a significant barrier to many patients.  Cell 
phone use in Trinidad is ubiquitous.  Many people use cell phones exclusively and 
charges accrue with each minute of use.  Given the study’s specific desire to test the 
HBPM and telemonitoring system in this limited / low income population, the decision 
was made to reimburse patients for their telemonitoring phone calls.  A reimbursement 
system was devised based on an expected call length of 4 minutes and an $8.00 TT 
(~$1.25 US) reimbursement for each recorded phone call was provided to patients upon 
request.  Not all patients requested reimbursement but many did.  Physicians and nurses 
also tailored their instructions to patients based on their specific situation.  In many cases, 
the ratio of HBPM measurements to transmitted telemonitoring encounters was reduced; 
i.e. patients were instructed they could transmit a subset of their measurements.  As noted 
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in the figures below, the mean number of phone calls received was 33, where an average 
of 29 calls included complete and plausible data and 4 calls were incomplete or judged to 
be invalid based on the implausible results (DBP > SBP, BP readings outside plausible 
range, etc.).  Many invalid calls were followed minutes later by a complete / valid call, 
indicating that the caller made a simple mistake entering her or his data but was not 
discouraged by the error.  Other invalid calls were not followed by a valid call indicating 
the caller may have been experiencing challenges beyond simple data entry.  Overall call 
volumes were strong.  Eighty percent of patients recorded 8 or more valid calls over the 
six-month study period and 50% of patients recorded 24 or more valid calls.  Very few 
patients experienced significant problems using the telemonitoring system (5 patients had 
≥ 12 invalid calls). 
 
Figure 5: Results - Number of Valid Telemonitoring Calls 
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Figure 6: Results - Number of Invalid Telemonitoring Calls 
 
Figure 7: Results – Percent of Telemonitoring Calls - Valid 
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Hypothesis 2c: [No] After receiving basic training, ≥ 80% of the hypertension patients at 
two public health centres in the Republic of Trinidad and Tobago did not convey their 
medical information to health centre physicians and staff via an automated telephone 
monitoring system with a frequency of ≥ 25 phone calls per six-month study period.  The 
frequency of phone calls over the six-month study period was lower than hypothesized 
but, as noted in the figures below, both SBP and DBP declined over time in relation to 
the number of calls received.  The reductions in SBP and DBP were both statistically 
significant, (F1,219=11.97 Prob>F=0.000) and (F1,219=10.50 Prob>F=0.0000) respectively. 
 
Figure 8: Results - SBP Trend by Telemonitored Call 
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Figure 9: Results – DBP Trend by Telemonitored Call 
Can primary care physicians successfully use an automated telephone monitoring 
system to manage hypertensive patients? 
Primary care physicians were given basic training on the telemonitoring system, provided 
with a laptop computer, and given wireless access to the secure patient database.  
Physicians were asked the following questions after the three-month and six-month visits. 
During the last three months did you or other treating physicians use the hypertension 
management system to guide decisions to: 
1. Maintain current anti-hypertensive therapy? 
2. Change the dose of an anti-hypertensive therapy? 
3. Add a new anti-hypertensive therapy? 
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4. Discontinue an existing anti-hypertensive therapy? 
5. Become aware of a side effect of anti-hypertensive therapy? 
6. Recommend patient come to the clinic or go to an Emergency Department? 
7. Prompt education of the patient regarding dietary compliance? 
8. Prompt education of the patient regarding physical activity? 
As noted in the table below, physicians recorded using the hypertension management 
system to make all 8 specified management decisions; with 86% of study patients having 
at least one action recorded. 
Table 33: Results - Physicians' Use of HTN Management System 
 
Hypothesis 3: [Yes] After receiving basic training, primary care physicians at two public 
health centres in the Republic of Trinidad and Tobago successfully used an automated 
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telephone monitoring system over a six-month study period to manage ≥ 80% of the 
hypertension study patients. 
Will hypertension patients respond positively to the use of home blood pressure 
monitors and telemonitoring in the management of their blood pressure? 
To assess the hypertension patient population’s response to the use of HBPM and 
telemonitoring tools, each patient was asked the following questions using a 6 point 
Likert scale where 1 = Disagree Very Strongly, 2 = Disagree Strongly, 3 = Disagree, 4 = 
Agree, 5 = Agree Strongly and 6 = Agree Very Strongly. 
The home blood pressure monitoring system helped me: 
1. improve my blood pressure control.  
2. actively participate in the management of my blood pressure. 
3. understand how the type of medicine can influence my blood pressure. 
4. understand how the dose of medicine can influence my blood pressure. 
5. understand how my medication helps control my blood pressure. 
6. understand how diet, particularly salt intake, can influence my blood pressure. 
7. understand how physical activity can influence my blood pressure. 
8. understand my blood pressure goal. 
9. identify changes in my blood pressure. 
10. communicate with my physician. 
11. identify problems with my medication 
As noted in the table below, patients had very positive responses to each of the questions.  
Mean responses for the 11 questions regarding how the home blood pressure monitoring 
system helped patients were between 4.7 and 5.0.   
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Table 34: Results - Patient Feedback Regarding HBPM and Telemonitoring 
 
As noted in the figure below, when presented with the preference statement, “I prefer the 
home blood pressure monitoring system to the standard hypertension management 
model”, 97% of patients responded favorably. 
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Figure 10: Results – Distribution of Patient Feedback to HBPM and Telemonitoring 
Hypothesis 4: [Yes] After receiving basic training and using a home blood pressure 
monitor along with an automated telephone monitoring system for a six-month period, ≥ 
80% of the hypertension patients at two public health centres in the Republic of Trinidad 
and Tobago responded positively to the use of these tools in their hypertension 
management. 
Will home blood pressure monitors and telemonitoring assist patients and 
physicians in the management of blood pressure? 
The table below shows six blood pressure measurements for each of three clinic visits: 
baseline, three-month and six-month.  As discussed earlier, the range of blood pressure 
values demonstrates the heterogeneity of previous blood pressure management.  By the 
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three-month visit, mean blood pressure readings are lower and there is a tighter 
distribution of values. 
Table 35: Results - Clinic BP Measurements 
 
Paired t-tests were used to analyze the changes in blood pressure between the baseline 
visit and the three-month visit as well as the baseline visit and the six-month visit.  The 
following table shows the results for each blood pressure measurement for each interval. 
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Table 36: Results - Changes in Clinic BP Measurements 
 
 
Figure 11: Results - MAP Trend by Clinic Visit 
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Hypothesis 1a [primary outcome variable]: [Yes] Using change in seated MAP as a 
measure of success, physicians and hypertension patients at two public health centres in 
the Republic of Trinidad and Tobago will partner to improve blood pressure management 
over a six-month study period.  Mean arterial pressure decreased by a statistically 
significant 7.66 mm Hg (95% CI -4.89…-10.43; p=0.0000). 
 
Figure 12: Results - SBP Trend by Clinic Visit 
Hypothesis 1b: [Yes] Using change in seated SBP as a measure of success, physicians 
and hypertension patients at two public health centres in the Republic of Trinidad and 
Tobago partnered to improve blood pressure management over a six-month study period.  
Seated systolic blood pressure decreased by a statistically significant 9.18 mm Hg (95% 
CI -5.42…-12.95; p=0.0000). 
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Figure 13: Results - DBP Trend by Clinic Visit 
Hypothesis 1c: [Yes] Using change in seated DBP as a measure of success, physicians 
and hypertension patients at two public health centres in the Republic of Trinidad and 
Tobago will partner to improve blood pressure management over a six-month study 
period.  Seated diastolic blood pressure decreased by a statistically significant 6.90 mm 
Hg (95% CI -4.38…-9.41; p=0.0000) 
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Figure 14: Results - Pulse Pressure Trend by Clinic Visit 
Hypothesis 1d:  [No] Using change in PP as a measure of success, physicians and 
hypertension patients at two public health centres in the Republic of Trinidad and Tobago 
partnered to improve blood pressure management over a six-month study period.  The 
statistically significant reductions in SBP were partially offset by the statistically 
significant reductions in DBP resulting in limited changes in pulse pressure.  Over the 
six-month study period, pulse pressure decreased by 2.28 mm Hg, but the change was not 
statistically significant (95% CI 0.13…-4.70; p=0.0637).   
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Figure 15: Results - Standing SBP Trend by Clinic Visit 
Hypothesis 1e: [Yes] Using change in standing SBP as a measure of success, physicians 
and hypertension patients at two public health centres in the Republic of Trinidad and 
Tobago partnered to improve blood pressure management over a six-month study period.  
Standing systolic blood pressure decreased by a statistically significant 7.72 mm Hg 
(95% CI -3.53…-11.90; p=0.0004). 
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Figure 16: Results - Standing DBP Trend by Clinic Visit 
Hypothesis 1f: [Yes] Using change in standing DBP as a measure of success, physicians 
and hypertension patients at two public health centres in the Republic of Trinidad and 
Tobago partnered to improve blood pressure management over a six-month study period. 
Standing diastolic blood pressure decreased by a statistically significant 3.44 mm Hg 
(95% CI -0.98…-5.90; p=0.0066). 
To better understand how HBPM and telemonitoring fit within the proposed conceptual 
model, the study also looked at potential causal variables and intermediate outcome 
variables.  Specifically, the study asked the patients about how they viewed their blood 
pressure management.  Did they know their blood pressure goal?  Did they know if their 
blood pressure was well controlled (at goal)?  Did they have faith in their medication and 
understand how medication type, medication dose, diet and exercise influenced their 
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blood pressure.  The frequent automated encounters associated with HBPM and 
telemonitoring created an environment where people processed their own blood pressure 
information (HPBM), applying knowledge (medical advice from their physicians and 
nurses) and (hopefully) changed preferences and health behaviors. The table below shows 
the responses to these questions at baseline, three-month visit and six—month visit.  In 
all cases, the responses to these questions shifted toward stronger agreement over the six-
month study period. 
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Table 37: Results - Patient Participation in BP Management 
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As shown in the table below, each of these changes was statistically significant except for 
the question, “I know what my blood pressure goal is” which had a positive change that 
was not statistically significant. 
Table 38: Results - Change in Patient Participation in BP Management 
 
If patients were in fact more engaged in their blood pressure management and partnering 
with the physicians and nurses to improve blood pressure control, one would expect to 
see changes in health behavior.  The table below shows changes in patients’ adherence to 
physician prescribed medication.  At the six-month visit, patients reported fewer lapses in 
their adherence for each of the following reasons: forgot, sometimes careless, stopped 
because feeling better and stopped because feeling worse.  Patients achieved a 
statistically significant improvement in their medication adherence score derived from 
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these variables.  Mean score declined by 0.58 as measured by a paired t-test (95% CI -
0.82…-0.34; p=0.0000). 
Table 39: Results - Change in Medication Adherence 
 
If health behaviors like diet and exercise improved as a result of increased engagement 
and understanding, one would expect these improvements to translate into improved 
general health as well as improved blood pressure.  The table below shows the mean 
number of days where poor physical and mental health limited activity did, in fact, 
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decline.  The mean number of days limited by poor physical or mental health declined by 
1.40 as measured by a paired t-test (95% CI -0.22…-2.59; p=0.0105). 




RESULTS – Health Beliefs and Determinates of Improved Blood 
Pressure 
In addition to evaluating the feasibility of the HBPM and telemonitoring intervention 
itself, the pilot study sought to help public health officials understand which patients were 
most likely and least likely to benefit from these tools.  And more generally, the study 
hoped to inform future research in the area of chronic disease management in the 
Republic of Trinidad and Tobago. 
Because health beliefs were assumed to be important to the success or failure of the 
HBPM and telemonitoring system, a series of established health belief questions were 
taken from the literature and included in the patients’ baseline and six-month surveys.  
Reference data from a population in the United States (U.S.) were used for general 
comparisons.  The thirty health belief questions used in the study are listed below.  Each 
question was answered using a Likert scale with three or four options.  
1. In general, when you get sick, how much does it interfere with your usual 
activities? 
2. You get the kinds of illnesses that worry you a great deal. 
If you were to do nothing in particular to protect yourself, how likely is it that you will:  
3. … get a mild cold during the next 12 months? 
4. … get a new cavity during the next 12 months? 
5. … get the very bad cold / seasonal flu during the next 12 months? 
6. … have a heart attack during the next 12 months? 
7. … be sick enough to spend 3 days in bed during the next 12 months? 
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8. Compared to other people your age, you get sick more easily. 
9. How serious would it be if you got a mild cold in the next 12 months? 
10. How serious would it be if you had a heart attack in the next 12 months? 
11. How serious would getting a new cavity in your teeth during the next 12 months 
be? 
12. How serious would it be to be sick enough to spend 3 days in a row in bed during 
the next 12 months? 
13. Whenever you get sick, it seems to be very serious. 
14. Compared to other people your age, how would you rate your health? 
15. In general, how would you describe your health? 
16. Sometimes it seems that when you try to prevent illness, it is more trouble than it 
is worth. 
17. If you take care of yourself, you can avoid getting sick. 
18. Chances are when you get sick it is because you did not take care of yourself. 
19. For most kinds of illness, it is the doctor who can help you the most. 
20. Home remedies are often better than the drugs that the doctor prescribed. 
21. You seem to get the kinds of illness that doctors can't do much for. 
Suppose your doctor were to tell you to take a certain medicine to protect your health.  
How likely is it that you would stop taking the medicine in each of the following 
situations; 
22. … the medicine was costing a lot of money? 
23. … you felt worse when you took the medicine? 
24. … taking the medicine was hard to fit into your daily routine? 
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25. … you heard that taking the medicine might be dangerous to your health, even 
though your doctor prescribed it for you? 
26. If you follow a doctor's advice, you will have less illness in your lifetime. 
27. How concerned are you about your health? 
28. How good a job are you doing in taking care of your health right now? 
29. How likely is it that you will try to do a better job of taking care of your health in 
the future? 
30. Although you are concerned about your health, there are other things that are 
more important to you. 
The table below shows the mean responses from the Trinidad hypertension population 
and the reference information from a general population in the United States.  The two 
populations are assumed to be different in many ways and the statistical comparison is 
provided purely as a general reference to encourage hypothesis generation.  Example:  
The population in Trinidad, which was actively engaged in cardiovascular disease 
treatment, rated the seriousness of a heart attack as low compared to the U.S. population.  
The difference between the means was 0.506 or half of a Likert scale segment closer to 
“not serious”.  This difference was statistically significant (95% CI 1.491…1.922; 
p=0.0000) and may be worth investigating in a future research study. 
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Table 41: Results - Health Belief Comparisons 
 
While the study design was not focused on measuring change across a comprehensive set 
of health beliefs, some statistically significant changes were recorded when comparing 
baseline visit responses to six-month visit responses.  As noted in the table below, 
patients expressed less susceptibility to a minor health concern (simple cold).  Patients 
rated the seriousness of a heart attack as more serious.  Patients expressed greater 
agreement with the statement. “Chances are when you get sick it is because you did not 
take care of yourself”.  And patients rated themselves more critically when asked, “How 
good a job are you doing in taking care of your health right now”. 
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Table 42: Results - Change in Health Beliefs 
 
While the constructs of the health belief model, susceptibility, severity, benefits, barriers, 
and self-efficacy are thought to be universal, caution is recommended when applying a 
previously validated survey into a new environment or culture.  Many studies have shown 
important differences in health beliefs from one environment to another.  The table below 
shows how factor analysis of the 30 health belief questions in the two populations 
resulted in noticeably different factor groupings.  In the U.S. population, six questions 
related to susceptibility where demonstrated to be largely condition specific.  In the 
Trinidad population, responses to these same six susceptibility questions were highly 
correlated and factor analysis grouped them with one additional item into two factors.  
There are several other notable differences in the factor analysis grouping which 
underscores the need for further health belief model research in the setting of public 
health clinics in the Republic of Trinidad and Tobago. 
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Table 43: Results - Health Belief and Factor Analysis Groupings 
 
To gain insight into which patients are most likely and least likely to benefit from the 
HBPM and telemonitoring. Simple linear regression was used to examine the 
relationships between the primary outcome variable, six-month change in MAP, and 
other patient variables.  As one would expect, baseline blood pressure readings are 
strongly correlated with changes in blood pressure.  The figures below show the 
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relationship between the amount SBP and DBP readings were above or below the 
patient’s goal at baseline and the patients’ change in blood pressure over the six-month 
study period.  In a simple linear regression model, the baseline SBP variable explains 
38% of the variation in change in SBP from baseline to the six-month visit (F1,116=74.81 
Prob>F=0.000).  In a simple linear regression model, the baseline DBP variable explains 
36% of the variation in change in DBP from baseline to the six-month visit 
(F1,116=68.16 Prob>F=0.000).     
 
Figure 17: Results - Amount over BP Goal by Change in BP 
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Figure 18: Results - Amount over BP Goal by Change in BP 
Using simple linear regression models, more than 30 other variables were found to have 
statistically significant associations with change in MAP.  When using multiple 
regression models, most of these relationships became insignificant or disappeared 
completely.  Of the variables that retained a statistically significant relationship after 
controlling for baseline MAP, change in perceived susceptibility to a heart attack had the 
greatest association with change in MAP.  That is to say, changes in the response to the 
question, “If you were to do nothing in particular to protect yourself, how likely is it that 
you will have a heart attack during the next 12 months”, was predictive of changes in 
MAP.  Those that reassessed doing nothing as leaving them more susceptible realize 
reductions in MAP.  Based on the earlier factor analysis, one could interpret this as a 
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change in perceived general risk; i.e. risk of heart attack or other significant medical 
problem.  The multiple linear regression model suggests that with each 1.0 mm Hg 
increase in MAP at baseline, MAP is expected to decline .64 mm Hg over a six-month 
study period and a one segment Likert scale change to the heart attack susceptibility 
question would result in a 3.62 mm Hg change in MAP over a six-month study period.  
Example: A changed response from “Very Unlikely” to “Unlikely” is associated with a 
3.62 mm Hg decrease in MAP and a changed response from “Very Unlikely” to “Likely” 
is associated with a 7.24 mm Hg decrease in MAP. 
Table 44: Results - Change in MAP Regression Model 
 
 
To examine the results from another perspective, each patient was placed into one of 
three groups.  The “Most Benefit” group was defined as those patients who experienced a 
reduction in MAP and whose blood pressure was at or below target levels at the six-
month visit.  The “Middle” group was defined as those patients who either experienced a 
significant reduction in MAP (≥13.3 mm Hg) or remained at or below target blood 
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pressure levels without experiencing a reduction in MAP.  The “Least Benefit” group was 
defined as those patients who did not experience a significant reduction in MAP (≥13.3 
mm Hg), or were not at or below target blood pressure levels at the six-month visit.  The 
figure below shows the mean change in SBP, DBP and MAP for each of these three 
groups. 
 
Figure 19: Results - Change in BP by Outcome Group 
Ordered logistic regression was used to examine the associations between patient 
characteristics and the three results groups.  As noted in the table below, the baseline 
understanding of how medication dose influences medication, is associated with the 
benefit group (Prob>chi2 = 0.0014, Pseudo R2 = 0.0831).  Although the statistical 
significance of the relationship is largely driven by the 3 patients who answered 
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“disagree” and ultimately ended up in the “least benefit” group, this relationship suggests 
that patients with a stronger baseline understanding of medications may be more likely to 
benefit from this intervention or that those with a low baseline understanding of 
medications may require additional education to get the same amount of benefit. 
Table 45: Results - Understanding of Medication Dose by Outcome Group 
 
 
The age group, those ≥55 versus those <55, was also found to have a relationship with 
benefit group (Prob>chi2 = 0.0203, Pseudo R2 = 0.0221).  While age group can only 
explain about 2% of the variation, it is noteworthy to see that older patients did better 
than younger patients.  These results are encouraging and suggest that older patients can 
take full advantage of developing technologies such as HBPM and telemonitoring. 
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CONCLUSIONS, DISCUSSION AND RECOMMENDATIONS 
Conclusions 
This feasibility study was based on the assumption that hypertension was a significant 
public health concern in the Republic of Trinidad and Tobago and set out to test if the 
benefits of HBPM and automated monitoring systems noted in the literature could be 
realized in the country’s public sector health centres.  This study describes a sample of 
the country’s hypertensive patient population and highlights that a high percentage of 
patients presented to the health centre setting with one or more comorbid conditions 
including diabetes, dyslipidemia and obesity.  The study’s comprehensive description of 
a hypertensive patient population is consistent with epidemiological reports from the 
Ministry of Health and the World Health Organization.  Based on previously published 
epidemiological data from the Republic of Trinidad and Tobago’s Ministry of Health and 
the World Health Organization and the study’s comprehensive description of a 
hypertensive patient population, which are consistent with the literature, one can quickly 
conclude that hypertension is a serious public health problem, worthy of significant 
public health investment.  The experiences of one hundred and eighteen patients who 
were followed for a six-month study period amounted to more than 21,400 monitored 
patient days and 3,255 successful monitoring phone calls, where patients took an active 
role in monitoring their blood pressure and transmitting their health information to the 
health centre via the automated system.  The study clearly demonstrated the 
overwhelming majority of hypertension patients in Republic of Trinidad and Tobago can 
successfully utilize home blood pressure monitors (place cuff correctly, position sensor 
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over the brachial artery, position arm at heart level, activate machine correctly, remain 
calm and still during measurement, and correctly identify systolic and diastolic measures) 
to properly measure blood pressure.  Based on the findings, we can conclude that the 
benefit of integrating HBPM into hypertension management can be achieved in the 
Republic of Trinidad and Tobago.  The findings also demonstrate that while cost is an 
important access barrier, study patients can successfully convey their medical 
information to health centre physicians and staff via an automated telephone monitoring 
system and that the use of these tools and focused education from practitioners in health 
centres can help patients in the Republic of Trinidad and Tobago understand how 
medicine (type and dose), diet and exercise can influence their blood pressure and more 
actively participate in their blood pressure management.  From these findings, we can 
conclude that the benefits of automated monitoring systems can be realized by patients in 
the Republic of Trinidad and Tobago.  The study examined the use of HBPM and 
telephone monitoring by physicians and nurses practicing in the public health centres and 
demonstrate that these tools could be used to make medical decisions (maintain current 
anti-hypertensive therapy, change the dose of an anti-hypertensive therapy, add a new 
anti-hypertensive therapy, discontinue an anti-hypertensive therapy, become aware of a 
side effect of an anti-hypertensive therapy, recommend patient come to the clinic or go to 
an Emergency Department, prompt education of the patient regarding dietary compliance, 
prompt education of the patient regarding physical activity) and facilitate significant 
reductions in blood pressure.  In summary, the following key findings demonstrate that 
HBPM and telemonitoring can be used successfully in the Republic of Trinidad and 
Tobago to help patients and healthcare providers manage hypertension. 
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Table 47: Conclusion – Key Findings 
Patient Understanding and Active Participation Increased 
Measure Obs. Sum Rank z Prob > |z| 
∆ in “I actively participate in the management of my 
blood pressure” 88 3916 3.24 0.0008 
∆ in “I understand how the type of medication can 
influence my blood pressure”  87 3828 2.86 0.0042 
∆ in “I understand how the dose of medication can 
influence my blood pressure” 89 4005 3.19 0.0014 
∆ in “I understand how diet, particularly salt intake, 
can influence my blood pressure” 90 4095 2.58 0.0100 
∆ in “I understand how physical activity can 
influence my blood pressure” 89 4005 4.12 0.0000 
 
Patient Medication Adherence Improved 
Measure Obs. mean Conf. Inter. t Stat Prob T>t 
∆ in Medication Adherence: Morisky 
Medication Adherence 4-Point Scale 95 -0.58 -0.82  -0.34 -4.78 0.0000 
 
Patient Blood Pressure Improved 
Measure Obs. mean Conf. Inter. t Stat Prob T>t 
∆ in Mean Arterial Pressure 118 -7.66 -4.89  -10.43 -5.49 0.0000 
 
 
Based on these findings we conclude it is feasible to successfully integrate HBPM and 
telephone monitoring into the public sector clinic operations and hypertension treatment 
protocols of the Republic of Trinidad and Tobago.   
Discussion – Implementation Factors 
In order to determine if the known benefits of these tools and techniques can be realized 
in the real-world environment of public sector health centres in the Republic of Trinidad 
and Tobago, two principal questions had to be tested.  First, are the HBPM and 
automated monitoring tools themselves appropriate for public sector health centre 
patients and providers in Trinidad and Tobago?  Second, is the underlying environment 
of public sector health centres in the Republic of Trinidad and Tobago conducive to the 
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deployment and maintenance of these tools?  The study’s primary findings address the 
first question and the second question is addressed here in a description of how ten 
environmental challenges were overcome in the process of conducting the feasibility 
study.  One, a server-based computer system supporting telemonitoring had to be 
installed, configured and maintained in Trinidad using local providers to record a 
hypertension question set.  It is unlikely that any single organization in Trinidad had the 
resources or expertise to deploy and maintain this type of system but this environmental 
challenge was overcome because of a collaborative effort between information 
technology experts from the University of Trinidad and Tobago, the Ministry of Health, 
the Regional Health Authorities and consultants from Johns Hopkins.  Two, a local 
computer network with secure wireless internet connection had to be established in each 
of the health centres to support the physicians and nurses.  The absence of internet 
connections and wireless networks at the health centres speaks to the infrastructure and 
logistical challenges facing developing countries like the Republic of Trinidad and 
Tobago.  The Republic of Trinidad and Tobago is relatively wealthy compared to other 
Caribbean nations and while high-speed internet connections are available in some 
locations, internet connections were not available in the health center clinics.  The 
expense associated with running high-speed cables is a barrier, particularly when 
attempting to reach rural health centers.  The cost associated with deploying and 
maintaining basic network services is also a barrier.  The non-climate-controlled 
environment, the limited availability of trained IT personnel and the reality that computer 
equipment tends to “walk away” also contribute to the challenge.  Again, these 
environmental and logistical challenges were overcome through a collaborative effort of 
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information technology experts from the University of Trinidad and Tobago, the Ministry 
of Health and consultants from Johns Hopkins.  Financial support from the Health 
Sciences Initiative also facilitated placement of the required internet connections.  Three, 
physicians and nurses with limited computer experience had to be trained to use the 
laptop computers and the computer monitoring system.  Physicians and nurses started 
their computer training with different comfort levels and worked as a team to overcome 
challenges associated with using the computerized system.  Physician, nursing and 
support staff assignments were flexible and the team was able to successfully complete 
the required computer training.  If providers weren’t comfortable with the computer data 
entry or reviewing the computer monitoring screens they were able to get others in the 
health centre to help them with the computer technology.   The physicians’ and nurses’ 
desire to improve patient care, and their ability to work together as a team, was truly 
impressive and an important factors in the program’s success.  While a rigid approach to 
specific assignments could have easily resulted in a mismatch of job skills and duties, the 
team approach to the overall goal of improved patient care allowed those with strengths 
in individual areas to assist those who require assistance, who in turn were able to 
contribute their individual strengths to the team effort.  Four, patients unfamiliar with 
HBPM and telemonitoring had to be trained to use the equipment and transmit their 
health information to the clinic.  The training associated with the home blood pressure 
monitors themselves proved to be straightforward.  Once patients were provided with a 
monitor, an appropriately sized cuff, and basic training, they experienced very little 
difficulty utilizing the monitor.  Transmitting health information to the physicians and 
nurses was less consistent but this challenge was overcome with additional training.  The 
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overwhelming majority of patients demonstrated success with minimal training and those 
requiring additional training were easily identifiable via the monitoring system when they 
failed to submit data to the clinic or submitted suspect responses.  Five, patients, 
physicians, nurses and investigators had to manage their expectations and not give up 
when administrative delays were encountered.  Administrative challenges frequently 
translate to administrative delays in the most developed healthcare environments.  The 
same is true in the Republic of Trinidad and Tobago.  When delays were encountered and 
people became frustrated by the lack of progress, everyone associated with this project 
stayed focused on the goal of improving patient care for those being served in the public 
sector health centres.  Staying focused on the common goal allowed the study team to 
remain united and each administrative obstacle was eventually overcome.  Six, the 
financial barriers of lower income patients had to be eliminated whenever possible.  Each 
patient enrolled in the study was provided with a home blood pressure monitor free of 
charge which removed the financial barriers associated with entering the study but the 
investigator soon discovered that most patients were using cell phones to transmit their 
health information to the monitoring system and the cost of these calls was prohibitive for 
many patients.  To overcome this environmental challenge, the study protocol was 
quickly adjusted to reimburse patients for their telemonitoring calls and low income 
patients were able to continue to participate in the study.  Seven, patients, physicians, 
nurses and investigators had to manage their expectations and not let up when successes 
in blood pressure management were initially observed.  Many patients experienced 
significant reductions in blood pressure in the first three months.  Physicians and nurses 
worked hard to manage this environmental challenge, reinforcing to patients that 
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hypertension was a chronic condition requiring an ongoing commitment to medication 
compliance and healthy lifestyle choices.  Eight, the study team had to monitor and 
manage the telemonitoring system, ensuring everything was working as intended.  To 
overcome this challenge, the Johns Hopkins consultants provided a dedicated resource 
that facilitated collaborative efforts among key stakeholders and helped overcome 
problems as they were identified.  They also utilized relatively low-tech technologies that 
are inexpensive and highly reliable.  Other technologies that facilitate communication 
among blood pressure monitors, smart phones and web-based computer servers were 
reviewed and not selected for this intervention because the more sophisticated 
technologies had a higher acquisition cost and required more financial resources from the 
target population.  All of the patients treated at the public health centers had regular 
access to a telephone but few had access to smart phone technology and fewer still had 
the financial resources to maintain a data plan with their cell phone providers.  Also, the 
resources available to investigate and resolve technology interface problems were very 
limited.  Nine, the local medical team had to manage the patient’s medical information 
and ensure records were integrated into the larger medical record.  At the time of the 
study, health centre records were maintained on paper.  In order to manage this 
environmental challenge, study documents were created in paper form to largely match 
the health centre environment.  In a future state, blood pressure data and hypertension 
management reports would be integrated electronically to a primary electronic medical 
record system.  Ten, the study team had to overcome the financial barriers associated 
with conducting the feasibility study.  The Trinidad and Tobago Health Sciences 
Initiative provided resources to multiple organizations including the Ministry of Health, 
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the Regional Health Authorities, and the University of Trinidad and Tobago.  Each 
collaborated and contributed resources to help realize the goal of improving patient care 
for those being served in the public sector health centres.  
Discussion – Study Design 
Reviewing the study design itself, one finds many positive attributes.  It examined the 
management of hypertension, a significant and under-managed public health concern in 
the Republic of Trinidad and Tobago, regionally and across the globe.  Because the 
research was conducted in the Republic of Trinidad and Tobago with clinical and 
operational aspects of the study being managed by the same local primary care teams 
(physicians and nurses) who routinely treat hypertensive patients in the public sector 
health centres, the findings are viewed as largely generalizable across the Republic of 
Trinidad and Tobago and other developing nations throughout the Caribbean where 
patients and physicians have similar characteristics.  Another positive attribute of the 
study is that it focused on practical tools and techniques that could be quickly deployed 
across the country with relatively little financial investment.  On the critical side of this 
discussion, the study’s three principal design weaknesses included: (1) a non-randomized 
design which made it impossible to fully control for potential confounding variables; (2) 
a limited sample size of 118 patients which provided limited statistical power to detect 
small but potentially significant differences in patient characteristics of those that 
benefited most from the intervention and those that benefited least and (3) the limited 
number of enrollment sites which were based in large population centres with high 
quality primary care physicians.  The generalizability of these study findings to the truly 
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rural areas of the country is less certain.  Also, a hypertension management model 
involving home blood pressure monitors and an automated telephone-information system 
requires a certain level of investments (a computer server, clinic-based personal 
computers, home blood pressure monitors, prepaid / reimbursed phone calls to the 
monitoring system, etc.) which may not be available in developing nations less fortunate 
than the Republic of Trinidad and Tobago. 
Recommendations 
Having demonstrated the public health centre environment can successfully support a 
hypertension management model that includes HBPM and an automated monitoring 
system and the tools can be used in the Republic of Trinidad and Tobago to significantly 
lower blood pressure, it is recommended that the government of Trinidad and Tobago 
invest in HBPM and automated monitoring technologies and techniques. Increasing the 
number of interactions and the amount of health information flowing between patients 
and providers can be achieved without overwhelming the limited resources of the public 
health centres and the health of hypertensive patients throughout the country can be 
improved.  As part of this recommended strategy to address hypertension across the 
country, it is recommended that home blood pressure monitors be provided free of charge 
to patients diagnosed with hypertension so they can frequently monitor their largely 
symptomless condition and actively participate in the disease management process.  It is 
also recommended that HBPM be accompanied by focused patient education that 
incorporates the health belief model constructs of susceptibility, severity, benefits, 
barriers, and self-efficacy to help improve blood pressure management. 
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The following comments are offered to guide the implementation of earlier 
recommendations and while they are not supported by quantitative data, they are 
supported by the experiences of the study team.  Successful implementation of new 
hypertension management strategies will most certainly be challenging.  It is 
recommended that inter-ministry collaborations be used to create and leverage an 
interdisciplinary workgroup, similar to the workgroup created to overcome a broad 
variety of environmental challenges and facilitate the feasibility study.  To overcome the 
patient access barriers associated with the cost of automated monitoring, it is 
recommended that the government work with national cell phone carriers to establish a 
no-charge communication model for relaying health information to the public health 
centre’s medical record system and back to patients.  In addition to collecting taxes and 
airway usage fees the government could negotiate for additional community benefits in 
the form of toll-free lines for patients to transmit their home monitoring health 
information into the national medical record system.  This negotiated agreement could be 
a win-win-win in that it would allow cell phone carriers to offer their customers new 
value-added services and contribute to the public’s general health.  In order to avoid a 
fragmented approach to managing different diseases and conditions in a patient 
population where comorbidities are common and to maximize the impact of limited 
physician and nursing resources, it is recommended that a single, integrated automated 
monitoring system be used in each health centre.  In order to help physicians and nurses 
leverage the full strength of the technology, it is recommended that each regional health 
authority be provided with a dedicated program manager to monitor and maintain the 
automated monitoring system. 
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In conclusion, further HBPM and automated telemonitoring research is recommended to 
validate the feasibility study findings and further explore patient characteristics which 
contribute to and detract from the successful utilization of these powerful tools.  
Specifically, while HBPM and automated telemonitoring are being incorporated into the 
national hypertension management strategy, additional research should be conducted to 
further our understanding of how these technologies can be best deployed and tailored for 
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